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CKAPT^SR  I 
INTRODUCTION 

Aqueous  chloraLiine  vras  lirst;  prepared  "by  Rashis  in 
1907  (1)  "by  mixing  diluue  solutions  of  ammonia  and  t'^fpo- 
chlorite  ion. 

BE     +  OGl"->  HK-:jG1  a-   OH" 

riattair  and  Sislor  (2)  succeeded  in  prepsj?ins  anliyd?i?ous 
gaseous  chlorainine  in  1951  oy  the  gas  phase  reactio-a  of 
excess  amraonia  v;ith  chlorine. 

The  chlorpjniue  jvea.ction  v'.i.th  Levis  bases  has  been 
the   subject   of   a  re.ther  extensive   investigation  in  this 
laboratory  for  a  nunber  ox   years.      It  i-zas   found  that 
chloraniine  reacts  v/ith  trialls}'! amines   to  form  the  corros- 
pon.ding  1,1, l-trialkylhydrazinium  chloric! o   (  5 ) , 

9  2  3        ^ 

Chloranine   failed  to  react  uith  triphenylanino.      Trialkyl- 

and  triarylchosphines   also  react  vrith  ch.lorariine   to  produce 

a^iinophosphoniun  chloriuos    ('!•), 

H-.?   +  ::H.,Ci  -^    [R-.P!TH^]C1 
;;  2  :>        2 

Yery  recent  v;ork   (y)    in  toJ.s  laboratory  has   shov/n    chat  the 

1 


chlorasiination  of  trialkyl-  and  trieiivlsLrsines  gives  good 
yields  of  amino arsoniu::!  chlorides. 

R-jAs  +  ITH^Cl  -*  LR^AslIH^jCl 

However,  rigorously  anhydrous  condiT:ions  must  be  maintained 
to  prevent  hydrolysis  of  the  products  obtained. 

Other  v;ork  using  solutions  of  ammonia-free  chloramine 
(6)  has  been  reported.   The  ammonia-chl or amine  mi:cture  from 
the  gas  phase  reaction  was  passed  into  a  solvent,  usually 
ether,  and  then  freed  of  ammonia  and  all  traces  of  water  by 
slovrly  passing  the  solution  "chrough  a  column  of  anhydrous 
copper  sulfate.   Vacuum-line  techniia_ue  x-;as  then  used  to 
maintain  rigorously  anhydrous  conditions  throughout  the 
remainder  of  each  experiment. 

Since  compounds  of  the  first  three  members  of  group 
Y  of  the  periodic  table  were  being  rather  extensively 
studied  v;ith  respect  to  their  reaction  with  chloramine,  the 
next  logical  step  was  a  similar  investigation  of  antimony 
compounds.   This,  therefore,  has  been  one  of  the  ma.jor 
purposes  of  this  v/ork. 

In  19&^,  V/ittig  and  Hellwinkel  (7)  carried  out  the 
reaction  of  triphenylstibine  v/ith  Chloramine-T  and  obtained 
(C^Hc),Sb=!T-30oC^H,,CH-,,  vrhich  is  orobably  the  first  comoound 
isolated  containing  a  direct  Sb(7)-2T  linicage.   Some  esirly 
(8)  and  also  some  more  recent  work  (9)  involving  the 
hydrolysis  of  various  trialk3;-ldihalostibanes  gave  evidence 


for  the  formation  of  compounds  of  the  type  R^.Sb(OH)Gl. 
Appel  and  co-worlcers  (j-0)  describe  the  formation  of 
r(G^H^)-,SbITHo]-  U   =  Gl,  3r,  and  I)  from  the  reaction  of 
triphenylstihine  iraine  vrith  a  variety  of  reagents.   Eovjever, 
other  v;orkers  (11,12,1;>,1^0  '^'-ave  shov.ii  that  parctial  hydroly- 
sis of  trialhyl-  and  triaryldichlorostihancs  yields  the 
anhydride-like  compounds  [R~Sb(Gl) jgO,  and  not  the  hydroxy 
chlorides.   On  the  basis  of  0.II  the  cibove  information,  it 
was  postulated  that  chlor.aiiiine  v;ould  react  wibh  various 
tertiary  stibines  to  yield  compounds  of  the  type 
[H-3b(Gl)]pin{,  possibly  going  throush  the  intermediate 
H^Sb(-.IIio)Cl. 

iuiother  major  purpose  of  this  vfork  has  been  to 
study  the  reactions  of  liquid  aiaraonia  and  liquid  ?jiiiri.onia- 
potassiuni  amide  with  triphenyldichlorostibane  and  tetra- 
phe.nj'-roromostibane  in  order  to  obtain  some  nevj  and 
interesting  antimony-nitrogen  compounds.   Since  the  onset 
of  this  work,  Appel  ot  al.  (10),  reported  the  findings  of 
a  very  extensive  study  of  the  reaction  of  (G^-Ht^)^SbX2  (-^^  = 
Gl,  3r,  a.nd  I)  with  some  alkali  metal  amides  in  liquid 
ammonia.   The  reaction  conditions  i-xere  such  that  both 
halogen  atoms  were  re.iovod  from  the  a.ntimony,  producing 
triphenylstibine  im.ine  and  in  one  case  the  condensation 
product  of  the  imine,  (G^_^Ht-)>-Sb=iT-Sb(G^Hc) j~n=So(C^ii^) j. 


Final.l7»  an.  objective  of  this  work  has  been  to  carry 
out  a  qualitative  infrared  and  proton  magnetic  resonance 
study  on  as  many  organoantimony  compounds  as  possible  in 
order  to:  (1)  make  tentative  assignments  to  nev;  absorption 
bands  in  the  infrared  spectra;  (2)  learn  more  about  the 
polarity  of  the  antimony-halogen  bonds;  (5)  ma.ke  specific 
nuclear  magnetic  resonan.ce  data  available. 


CEAPT2H  II 

THE  SYNTHESIS   OP  AITTIHOTf-ITITROGEN  COMPOUIIDS  3Y 
CKLORA-MINAflO^T  VITH  AI'E'IOITIA-JREE   CHL0?_1MI:TE, 
AITD   SUBSS^UEIT'T  REAGTIOITS  0?  THE  PRODUCTS 


E^co  s  z*  i. -3. 9  n  "j  3.x 

Materials 

Tri-n-butvl-  and  triphenylstibine  were  purchased 
from  H  and  T  Ghenicals,  Inc.   The  forner  vrs.s   redistilled 
and  the  fraction  boiling  at  129-130''C.  (11  nn)  was  used. 
Triphenjlstioine  was  recrystallized  from  petroleum  ether 
before  use.   The  solid  melted  at  52-5^°C.   Reagent  grade 
solvents  were  dried  over  calcium  hydride.   Technical  grade 
solvents  v;ere  distilled  from  calcium  hydride,  then  stored 
over  it . 

Analyses 

Elementary  analyses  were  performed  by  Schwarzkopf 
Microanalytical  Laborai;ory,  Woodside,  ITew  York,  Crobaugh 
Laboratories,  Chai'lestcn,  Vest  Virginia  and  Galbraith 
Laboratories,  Inc.,  Kno:o^ille,  Tennessee.   Chloride  analyses 
were  usually  carried  out  in  this  laboratory  oj  zli3   Yolhar-i 
tech-nique.   Melting  points  vrere  obtained  using  wa:x:  sealed 
capillaries  on  a  Thomas-Hoover  capillary  melting  point 
apparatus  and  are  uncorrected. 


Molecular  v;eight3  were  deterained  by  the  crj'oscopic 
method  using  benzene  as  a  solvent,   A  conventional  freezing 
point  apparatus  was  nodified  to  provide  a  slight  flow  of 
dry  nitrogen  in  order  to  minimize  solution  contact  with  the 
atmosphere.   The  lower  than  theory  molecular  v/eights 
reported  for  the  nitrogen-containing  compounds  are  indica- 
tive of  partial  hydrolysis  which  undoubtedly  occurred  during 
the  determination. 

Infrared  spectra 

Infrared  spectra  v;ere  obtained  on  a  Beckman  Model 
IR  10  infrared  spectrophotometer  using  potassiujn  bromide 
and  cesium  iodide  optics.   Solid  state  spectra  were  obtained 
using  rlujol  and  Kel-F  mulls.   The  spectra  of  all  the  tri- 
alkylstibines  v;ere  obtained  using  thin  films.   All  water 
and  oxygen  sensitive  samples  were  prepared  in  a  dry  box  smd 
were  stored  in  a  dessicator  until  being  placed  on  the 
instrument,  which  was  constantly  being  purged  v/ith  a  slow 
stream  of  nitrogen.   The  infrared  spectral  absorptions  are 
listed  in  Table  1. 

Proton  magnetic  resonance  spectra 

The  proton  magnetic  resonance  spectra  v.^ere  obbained 
with  either  a  Yarian  high  resolution  nuclear  magnetic 
resonance  spectrometer,  Model  7-^500-2,  provided  with  field 
homogeneity  control,  magnet  insulator,  and  field  stabilizer, 
operating  at  5^.4-  or  60  Mc  or  v/ith  a  Varian  nuclear  magnetic 


TABLE  1 


^1 


INJRARSD  SPSGTRAL  DATA,  Cm^^ 


(15) 


ITeat 

(CH-,)-,Sb5ro 

Nujol 

(CH,)^3bCl2 
Nujol 


(CH^)^Sb(  01:02)2 

Kel-F,  ITujol 


[(Gn^)^Sb(Cl)]2:TH 
Ku  j  ol 


[(GH^)^SbCCl)]20 
K3r  Pellet,  Fujol 


C(GH^).Sb(0:T02)]20 
Kel"?,  :Tu.jo1 


2  5':? 

Neat 


2990(n)  ,2915(ni)  ,1390(w)  ,810(m)  , 
512(s) 

3012(w)  ,2927(w)  ,  2a-10(w)  ,1772(w)  , 
1725(w)  ,1^05CMl537(w)  ,1332(w) , 
1210(vvO,870(£),354-(in) 

1210(v;),870(7sb),573(s),277Cs) 


503>(w).2953Cw),2798(w:),22^0(w), 
1915(w)  ,1805(vv;,b)  ,1755(vt;)  . 
1565(v,b),1550-15C0(vs),li^00(ni), 
1300-1270(s)  ,12^0(ia)  , 1223(a) , 
955(vs)  ,862(vs)  ,833(111)  ,792(n) . 
728(s),708(n),578(ui),505(x^r,sh), 
278(in) 

3225(m).2a20(w),2330(vw-)»2G55(w), 
1SGCC"/O,1750(v.0,15^5(w,b), 
1^03(n)  .123S('/T,;,sh)  ,1209(w)  ,1098(w) , 
1055(w),861(vs),7^1(vs),580(s), 
533  (v/) 

3010(^/w),2920(w),24-20(v^/;),1800(w), 
17^9(w),l^'r05(m),1228(w),1217(vxO, 
860(s),771(s,b),5S5(s),53^:-(n), 
285(w,b),2S5(w) 

3010(ni), 2750(^^.0, 2^^0(w,d),2010(v-v,r,d), 
1795(v,-,b),1720(w,b),1^80~153C(v3), 
1310-1273(vs)  ,1253Cw)  ,1222(v;) , 
1013(vs),S50(s),315(v3,sh),73S(vs,b), 
715(vs)  ,57S(s)  ,530(!n)  ,250(w) 

2960(vs) ,2920(vs) ,2S80(s) ,2855(w) , 
27^0(w)  ,1^65(in)  a^2S(w)  ,133G(n) , 
1255(v.-0  ,1135(1:1)  ,1025(m)  ,985(v;,b) , 
700(31),  6S5(ni,sh),555(w,3ii),  500(21) 


Table   1    Ccont'd) 


JTuo  ol 


C(C2H^)^Sb(Cl)j20 
Nujol 


[(  C2E^)^Sb(  02^102  )]oO 
Nujol 


Neat 


[(n-C^E^)^Sb(Cl)]2:rrI 
Nujol 


[(n-GjH^)^Sb(Cl)j20 
KBr  Pellet,    I-Tujol 


-     ^  9   p 

Neat 


(n-C^HQ)2SbCl 
Neat 


5162(a,b),1570(w,b),128^(vw), 
1212(rri-£>i)  ,1193(3)  ,102S(s)  ,972(s)  , 
758(vs),70^(vs),553(in,sh), 523(a), 
^97 (w) 

2760(v;v-),2156(v-,-/),li^0i^(m),1200(s), 
1065(w,sti)  ,1025(n)  ,971(m)  ,758(s,b) , 
713(3, b),6^7(m.sli),5^5(in),^93(w), 
500(w,b),265(w) 

2285(\n,;)  ,1715(w)  ,1^30-li|-20(vs) , 
1285(vs),1220(v7,sh),1203(iii),1095(w), 
1025(s,sli),1013(v3),9S0(ni),S15(s,sh), 
792(vs)  ,702(vs)  ,3^5(n)  ,^93(iii) 

2950(vs) ,2955(vs) ,2903(s) ,2370(s) , 
2820(v;,sli)  ,1^60(n,sli)  ,1455(m)  , 
1^15(vvO  ,1573(w) ,1352(vO  ,1275(-0  , 
1190(-^-/)  ,1170(v/,  sh)  ,1155(w)  ,1068Cw)  , 
1020(w)-995(^T-0,300(v\-0,720(vT.-;,b), 
6ao(w,b)  ,55$(w,sri)  ,585(^'.0  ,500(w) 

314-2(111)  ,1637(w,b)  ,1417(^0  ,1357('^) , 
12^2(w)  ,1202(v0  ,117^(ni)  ,115^(w,  sh) , 
1076(s),1012(s),815(v;),752(vs), 
692(s).863(w,sli),513(w),595(v^O, 
316(v-v;),ii22(vO 

2950(ra)  ,2950(11:)  ,2S70rm)  ,1^55(ni)  , 
li^l5(w)  ,1373(w)  ,1335'w)  ,1278(v) , 
1157(s),1075(s),1017(w,sh),lC03(s), 
802(^-v/, sh), 75^-73^(3, d),696(s), 
628(w) ,607(w) ,522(w) ,395(w) ,300(m) , 
235(51, sh),260(n) 

2960(vs),2930(v3),28S0(s),286G(s), 
2753(w),1^50rs),1420(-;0, 1578(1::.), 
135C(w)  ,1551(k)  ,129'KvO  ,125G(w) , 
1178(w)  ,ll^S(w)  ,lC30(w)  a050(w) , 
1022(vw),1005(w),961(w",  ,875(v7,b), 
770(vw)  ,7^5(w)  ,6S&(w,b; ,  59C(w) , 
500 (w) 

2965(vs) ,2950(vs) ,2880(s) ,2S70(s) , 
27^0(Tr/;),1^63(s),1^12(w),15SC(ni), 
1360(vw) ,154^(w) ,1295(vO  ,1250(w) , 
llS0(w),1152(w),1032(v;).1050(-.^.;), 
1025(vw)  ,lC05(w)  ,9&5(vO  ,3SS(v;,b) , 
850(w,  sh)  ,772(vv7)  ,7^3(  v-,0  ,673(;T,b) , 
590(w),505(w) 


Table   1    ("cont'd) 

(n-G^Hg)5SbCl2 
Neat 


Nujol 


[(n-C^Eg)^3b(Gl)]20 

Carbon  disulfide, 
Nujol 


(CgH^)^Sb 
Nuo  ol 


(C^E^)jSbCl2 

ITu  j  ol 


Nujol 


[(C.-H-)^Sb(Cl)]pO 
o   y   p  ^ 

Nu  j  ol 


2970(vs),29^0(v3),2880(s),27^0(v-.O, 
1^68(s) ,liHO(n) ,1353(m) ,1550(vO  , 
1295(w)  ,1255(:n)  ,1170(zi)  A095(in)  , 
lO'^SCw)  ,lC05(w)  ,9S0(w)  ,890(n)  , 
BoOCw)  ,750(w)  ,712(21)  ,515(v^'0  ,512(w) 

3152(iii),21Sl(v7),1532(v;.b),1395(s), 
1252(w,b)  ,116^(s)  ,1082(s)  ,1030(:ii) , 
1002Cv;,sh),952(w),8S3(Ei),76S(vs), 
756(vs),693(vs),613(v.-7),7ll(\-^Nr) 

2965(vs) ,293C(vs) ,2870(s) ,1572(v>;,b) , 
1^05(111), 13^3(ni),129^(n),1253(v^-;), 
1181(s)  ,1165(s)  ,1081(111)  ,1023(n)  ,    ^ 
99^-(w,sh)  ,385(s)  ,353(21, sii)  ,770(vs  j , 
7^3(vs)  ,693(vs)  ,520(v;)  ,562(w)  ,32^(w) , 
it-50(w,b)  ,i^OO(v;)  ,250(w) 

3060 ( w ) , 30^0 ( w) , 1980 ( w , b ) , 1 380 ( w , b ) , 
i820(^'^r,b)  ,1372(v;)  ,1^75(m)  ,1^23(s)  , 
1328(w)  ,1295(v.O  ,1178(n)  ,1150(w) , 
1060(n)  ,1012(v0  ,992(v;)  ,900(w) , 
850(w)  ,721(vs)  ,6o9(v3)  ,^50(m) 

3030(^r.O  ,1572(w)  ,1^73(s)  ,1^50(v3)  , 
1325(w),1300(w),1172(w),1155(w), 
1053(w;),1012(vO, 990(a), 7^0(m), 
725(vs),673(s),^30(m), 277(111) 

31^0(w)  ,3070(v^.v,sb)  ,30^0(ni)  ,1370(n) , 
li^75(s),1^30(vs), 1329(21), 1302(ni), 
126S(v70  , 1180(a)  ,1137(m)  ,1090(-/w) , 
1061(s) ,1019(s) ,995(vs) ,985(w) , 
975(w)  ,9S9(w) , 913(h)  ,830(w,sh) , 
850(w)  ,S^0(\^,3li)  ,7o5(vs)  ,755(vs) . 
690(vs),652(ni,sh)-655(w,sh),612(w), 
ii-5ii-(vs,sh)  ,if^7("-^s)  ,3S5(v\'0  ,563(^^^ish) , 
302(w,sh),285(in) 

50^^(vO  ,19&8(vw)  ,1891(^n-;)  »lS2^(w)  , 
1780(w)  ,1659(^^0  ,157S(vO  ,1^82(s; , 
l^V4-(3.sli),1^36(vs),133^(w)il507(w), 
12i^^(w), 1177(21), 1155(w),103S(n), 
1018(in),995(s),915(w).3pl(\"/r). 
8^0(w),75S(vs),7^^(s;,751(vs), 

690(vs)  ,5ol(v^/)  ,b53(^"/^)  ,Sll(vO  , 
a56(s),^^-3(3),5S8(w),303(w,sh), 
290(111)1 280  (m,s]i) 
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Table  1    (cont'd) 


[(CgH^),Sb(C:T02)]2G 

Kel-?,    ITujol 


(CgE^)^3bO 
Nujol 


(C^H.)^Sb0.0.3  HpO  5135(w),5055(n,sh),50^5(n),1950(v:..0, 

g„<ol  1890(v.O,1325(w),15?5(n),1^75(s), 

^"^^""^  1^30(s)  ,1530(ni)  ,1502(1:1)  ,1255(^A.;) , 

1180(s)  ,1153(w)  ,1055(vs)  ,1021(.-i)  , 
998(in)    C'30(w)  ,S5C(vr)  ,850C'r.-;,sh) , 
733(vs),o95(vs),555Cvs),616CvO, 
^75Cvs)  ,450(vs)  ,3C0(iii)  ,278Cn) 

Sb20.  96C(v.v,b),7^0(vs) 

ITujol 

3,  strong;  n,  mediun;  v;,  v;eak;  sh,  shoulder; 
b,  broad;  d,  doublet;  v,  very. 
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resonance  analytical  spectrometer  Hodel  A60-A.   Host 
spectra  were  obtained  by  sweeping  slowly  tbrougli  the  field 
and  interchanging  the  reference  with  the  sample  being 
studied.   In  these  cases,  acetaldehyde  or  tetramethylsilane 
were  used  as  e:c-ernal  references.   The  sample  peaks  and  the 
reference  peaks  are  obtained  on  the  sane  speci^runi  thereby 
facilitating  the  calculation  of  the  chemical  shifts  in 
approximate  rvalues.   Methylene  proton  shifts  in  compounds 
containing  n-propyl  and  n-butyl  groups  and  phenyl  proton 
shifts  are  recorded  as  ranges. 

For  most  compounds  containing  phenyl  groups,  the 
spectra  were  also  obtained  using  benzene  as  an  internal 
standard.   This  facilitates  calculation  of  chemical  shifts 
of  the  phenyl  protons  from  the  benzene  signal  and  thereby 
enables  one  to  observe  the  relative  electron  withdrawing 
or  electron  donating  ability  of  the  group  to  v/hich  the 
phenyl  ring  is  attached.   Proton  magnetic  resonance  data 
are  listed  in  Table  7;  and  Figure  58  shows  a  schematic 
diagram  of  the  phenyl  proton  shifts  with  respect  to  benzene. 

X-ray  powder  snectra 

The  x-ray  powder  spectra  were  obtained  v/ith  a  Norelco 
X-ray  Generator,  type  120^5,  using  a  wide  range  goniometer 
and  a  proportional  detector.   A  copper  target  was  used  with 

E  Line  at  1.5^^1  A.   A  nickel  filter  was  used. 
ci. 
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Manipulative  methods 

All  solvents  were  stored  and  transferred  in  an  inert 
atmosphere  box  (D.  L.  Herring  Dri-Lab  and  Dri-Train  combi- 
nation) containing  dry  nitrogen.   All  glass  apparatus  vras 
baked  at  150°C.  and  moved  into  the  dry  box  v;-hile  still  hot 
or  else  was  flamed  dry  while  evacuated.   Most  chloramina-uions 
v/ere  carried  out  on  a  vacuum  line  similar  to  that  shovm  in 
Figure  1,  v/hich  v:as  flamed  before  every  reaction.   The  ether 
used  v/as  peroxide-free. 

The  anhydrous  ether  solution  of  ammonia-free 
chloramine  was  introduced  into  a  special  -cube  flask  in  vacuo. 
The  flask  v;as  equipped  with  a  vacuum  line  adapter  to  insux-e 
that  the  solution  v;as  never  e:cposed  to  the  aomosphere  before 
being  used.   The  solution  v^as  then  distilled  onto  the 
stibine  taking  care  to  leave  the  last  drop  or  two  to  avoid 
decomposition  of  the  chloramine.   It  has  been  demonstrated 
in  this  laboratory  that  the  majority  of  the  chloramine  does 
not  distill  until  about  the  last  five  milliliters.   This  is 
clearly  shovm  'oj   curves  A  and  3  of  figure  2  in  which  a 
forty  milliliter  sample  of  0,05^  M  chloramine  v;as  distilled 
to  "che  last  0.1  milliliter.   The  progress  of  the  distilla- 
tion was  followed  by  collecting  each  five  milliliters  of 
distillate  and  determining  the  nillimoles  of  chloramine  in 
that  individual  increment.   These  results  are  shown  by 
curve  A.   The  total  millimoles  of  chloramine  distilled, 


13 


1^ 


10 


50       35 


15      20       25 

Volume    (ml) 

Fiff.    2.-DistillaT;ion  curve   for  ainmonia-free   ciiloramine 
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whictL  was  obtained  by  the  addition  of  all  the  preceding 
increments,  is  represented  bj  curve  3, 

Chloramine  decomposes  to  some  extent  during  the 
filtration  through  anhydrous  copper  sulfate  and  during  the 
distillation  process.   Yields  of  ammonia-free  chloramine 
ranging  from  ^0  to  70  per  cent  have  been  obtained  by  the 
process  described  above.   The  factors  vhich  influence  the 
decomposition  process  are  not  v;ell  understood.   Hov^feve^,  it 
is  possible  that  the  decomposi"cion  is  facilitated  by  minute 
particles  of  anhydrous  copper  sulfate  that  come  through  the 
glass  frit  during  the  filtration,  since  freshly  distilled 
ammonia-free  chloramine  can  be  redistilled  to  dryness  with 
a  90  to  95  per  cent  recovery  of  chloramine  in  the  distillate. 

Synthesis  of  trialkylstibines 

Trialiryl-  and  triarylstibines  generally  have  been 
prepared  by  the  Grignard  method  (8,9,15).   Recently,  Stamm 
and  Breindel  (16)  discovered  a  novel  method  for  the  prepa- 
ration of  the  trialkylstibines  using  antimony(III)  oxide 
and  the  appropriate  trialiryl aluminum.   Hov/ever,  they  did 
not  report  the  preparation  of  trimethyl-  or  tri-n-propyl- 
stibines,   we  have  applied  their  method  to  these  compounds. 
The  reactions  wore  always  carried  out;  in  a  dry  box  and  -che 
trialkyl aluminum  reagent  v/as  not  distilled  before  use. 
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T'riciethylstibine   and   trinethyldibromostibane 

3(CH^)-,A1   +  SboO^  ^  2(GH^)^Sb   +  50H^A10 
0    0  (^    0  0    0  0 

A  n-hexane  solution  of  triniethjl aluminum,  0.3  mole, 
was  added  dropwise  witb  vigorous  stirring  to  a  n-hexane 
slurry  of  antimonyClII)  oxide,  0.1  mole.   The  total  n- 
hexane  used  was  100  milliliters  and  the  addition  rook 
approximately  five  hours.   After  the  addition  v;as  complete, 
the  contents  of  the  flask  were  heated  to  60°G.  for  an 
additional  tv;o  hours  and  then  allowed  to  cool  over  night. 
Efficient  stirring  is  a  critical  factor  in  this  reacfcicn. 

The  volatile  material  was  distilled  at  atmospheric 
pressure  and  the  fraction  boiling  under  80°C.  was  then 
treated  with  a  carbon  tetrachloride  solution  of  bromine. 
This  produced  ^9.7  grans  of  trimethyldibromostibane  v;hich 
melted  at  185-156. 5"C.  (dec.)  [Lit.  (1?)  m.p.  200=G.].   The 
yield  based  on  antimony(III)  oxide  was  7S  per  cent  of  theory. 

The  infrared  spectrum  of  trimethyldibromosr;ibane  is 
shovm  in  Figure  3. 

No  analytical  data  vrere  obtained  as  this  is  a  vrell 
characterized  compound  (13,17). 

The  proton  magnetic  resonance  spectrum  of  trimethyl- 
dibromostibane is  shovm  in  Figure  ^.  The  spectrum  consists 
of  one  peak  which  is  attributed  to  the  methyl  protons.  The 
chemical  shift  value  is  listed  in  Table  7. 
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Fig.  ^.-Proton  magnetic  resonance  speccrum  of  (CH-,'),SbBr^, 

0'  0  d 
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Trimethylstibine  is  obtained  from  the  dibromo  con- 
pound  in  low  yield  by  reacting  it  v:ith.  pov;dered  sine  (18) 
in  an  o:'<ygen-free  system.   Trimetnylstibine  boils  at  SO-Sl^C. 

at  763  Em. 

Tbe  infrared  spectrum  of  trimethylstibine  is  shown 
in  Figure  5. 

The  proton  magnetic  resonance  spectrum  vras  not 
obtained. 

Tri-n-propylstibine 

5(n-C^H„)-,Al  +  SboO^  ==  2(n-C;^H^)  ;,Sb  +  5n-C^H„A10 

Tri-n-propylaluminum  was  reacted  viith  antimony(III) 
oxide  in  the  same  manner  as  that  described  for  trimethyl- 
stibine.  Upon  completion  of  the  initial  reaction,  the 
n-he:cane  was  removed  bj^  atmospheric  distillation  suid  then 
tri-n-propylstibine  was  vacuum  distilled  from  T;he  reaction 
flask.   Tri-n-propylstibine  boils  at  95-95^0.  at  15.5  mni 
[Lit.  (19)  b.p.  11$°C.  (59  mm)].   The  yield  v/as  41  per  cent 
of  theory  based  on  the  above  equation. 

Figure  5  shows  the  infrared  spectrum  of  tri-n- 
propylstibine  . 

The  proton  magnetic  resonance  spectrum  of  tri-n- 
propylstibine  vras  not  obtained. 

Triethylstibine 

^{0^^)^kl    +  Sb20.,  -  2(C2H^)^Sb  +  JCpH^AlO 
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Triethylstibine  v;as  prepared  by  the  method  of  Staimn 
and  Breindel  (16)  and  worked  up  in  the  same  manner  as  that 
described  for  tri-n-propylsoibine. 

The  infrared  spectrum  of  triethjlstibine  is  shov/n  in 
Figure  1. 

The  proton  magnetic  resonance  spectrum  of  triethyl- 
stibine  was  not  obtained. 

Ammonia-free  chloramination  of  some  trialk;"rlstibine5  and 
triphen'^lj-Gibine 

Trialkylstibines  and  triphenylstibine  react  with 
ammonia-free  chloramine  to  form  iminobis-Ctrialkylchloro- 
stibanes)  and  iminobis-Ctriphenylchlorostibane) ,   The  re- 
action is  thought  to  proceed  according  "co  the  following 
equations : 

R,Sb  +  W^.^Z\  -*   R, So (1^2) CI 

2R,Sb(ITH^)Cl  -*  [R^Sb(Cl)]^rTH  +  ITK, 

0  d.  t>  d.  0 

A  side  reaction  is  observed  in  certain  cases  in  v/hich  tri- 
alkyl-  or  triphenyldichlorostibane  is  produced  in  variable 
yields.   This  reaction  is  thought  to  proceed  according  to 
the  follov/ing  equation: 

R,Sb(rr£2)Cl  +  THpCl  -*   R.SbCl^  +  1/5^2  +  V3-nTIz 

Iminobis-(trimethylchloros uibane) 

2(CH2)^Sb   +   22TH^C1  -    [(CH.)-.Sb(Cl)  J^-TK    f  im. 
3  5  2  0  1>     ^      '   2  p 

(CH^)^Sb(ITH2)Cl    4-   W.^\  -*    (CH^),SbCl2   +   I/3N2  +  ^^/3:r£, 
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2^ 

Trimethylstibine,-  ^,^1-9  mmoles,  was  distilled  from 
calcium  hydride  into  a  tube  flask  equipped  wittL  a  stirring 
bar.   TwentjT-seven  milliliters  of  a  0.19  molar  ethereal 
solution  of  chloramine  was  then  slowly  distilled  into  the 
flask  with  stirring.   The  temperature  was  maintained  at 
-78°C.  throughout  the  transfer,  and  reaction  v/as  evideni;. 
The  solid  and  solvent  became  yellov;  and  gas  evolution  was 
noticeable  as  the  flask  w^as  warmed  to  room  temperature. 
The  flask  was  maintained  at  this  temperature  for  80  minutes, 
after  which  the  ether  was  removed  by  dis-uillation.   The 
non-ccndensible  gas  formed  during  the  reaction  v;as  estimated 
to  be  less  than  0.5  mmole.   The  eoher  v/as  treated  with 
gaseous  hydrogen  chloride,  which  produced  0.1?  gram  of 
ammonium  chloride.   This  corresponds  to  5.18  mmoles  of 
ammonia.   No  unreacted  trimethylstibine  was  detecT:ed.   This 
indicates  that  chlorariine  v;as  in  excess  and  explains  v;hy 
more  ammonium  chloride  v;as  found  "chan  theory  predicts. 

The  sealed  flask  was  transferred  to  a  dry  box  and 
the  crude  product,  0.9S  gram,  v/as  treated  v;ith  four  5 
milliliter  port;ion3  of  boiling  toluene.   The  insoluble  solid 
(A)  was  dried  in  vacuo.   Product  (A)  decomposed  to  a  metallic 
gray  solid  and  a  volatile  reactive  liquid  v;hen  heated  above 
200*'C.  ,  and  readily  evolved  ammonia  when  exposed  to  the 
atmosphere.   The  yield  was  0.&7  gram  v;hich  v;as  71  per  cent 
of  theory  based  on  the  above  equations. 
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Iminobis-Ctrinetriylclilorostibane)  is  slightly 
soluble  in  chloroiorn  and  boiling  toluene  and  insoluble  in 
a  variety  of  other  organic  solvents.   The  infrared  spectru^i 
of  ininobis-Ctrimethylchlorostibane)  is  shovm  in  Fig'ore  8. 

Anal,  of  .product  (A).   Calcd.  for  [(CH5)3SbCGl)  12-^^: 
C,  17.17;  H,  ^.55;  N,  3.5^;  Sb,  58.05;  CI,  15.90.   Found: 
C,  18.15;  H,  ^.79;  ^%  5.69;  Sb,  58.31;  CI,  17.1^. 

The  toluene  wash  liquid  was  evaporated  to  dryness 
leaving  0.27  gram  of  a  white  solid  (B)  as  residue.   The 
material  decomposed  around  220«C.   Product  (B)  appears  to 
be  a  mixture  of  trimethyldichlorosoibane  (6^.^  per  cent), 
melting  point  230°C.  (dec),  and  iminobis-Ctrimethylchloro- 
stibane)  (55.6  per  cent)  which  decomposes  at  temperatures 
above  200° C.   The  infrared  spectr-om  was  consistent  v,dth  this 
assvimption.   The  total  yield  of  trimethyldichlorostibane 
was  15.2  per  cent  of  theory.   The  iminobis-(trimethylchloro- 
stibane)  in  the  above  mixture  is  difficult  to  separate  and 
separation  is  not  feasible  in  most  cases.   The  combined 
amounts  of  the  iminc  compo-ond  in  products  (A)  and  (3)  cor- 
responds to  a  total  yield  of  31.2  per  cent  of  theory. 

The  -oroton  magnetic  resonance  spectrum  of  iminobis- 
(trimethylchlorostibane)  is  sho^vn  in  Figure  9-   The 
complexity  of  the  spectrum  probably  results  from  complex 
formation  with  zhe   chloroform,  which  was  used  as  solvent.   A 
pe,ak  resulting  from  the  proton  on  the  nitrogen  could  not  be 
found. 
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Low-teziperature  reaction  of  trine thylstibine  with,  anmonia- 
free  chloranine 

Trimethvlstibiue,  2.1  lamoles,  v;as  distilled  from 
calcium  hydride  into  the  vacuun  line.   Five  milliliters  of 
a  O,'^^  molar  ethereal  solution  of  chloramine  v;as  condensed 
onto  the  stihine  at  -73°C,  and  allov;ed  to  react  at  this 
temperature  for  three  hours.   The  temperature  was  then 
allowed  to  rise  to  -4-5*0,  at  v;hich  time  the  volatile  ma- 
terial, v;hich  includes  any  ammonia  produced  "by  a  condensa- 
tion reaction,  v/as  removed.   Dry  toluene  vras  condensed  onto 
the  residual  white  solid  at  -7S°C.  and  then  ^.2   mmoles  of 
dry  hydrogen  chloride  gas  was  condensed  into  the  flask. 
The  contents  of  the  flask  were  stirred  for  one  hour  at  this 
temperature  and  then  allov/ed  to  come  to  room  temperature. 
The  volatile  material  v;as  removed  from  the  flask  by  vacuum 
and  fractionated,   A  total  of  0.92  mmole  of  gaseous  hydrogen 
chloride  v;as  consumed  in  the  reaction. 

The  residue  in  the  reaction  flask  v/eighed  approxi- 
mately 0.15  gram.   Analysis  of  this  solid  gave  an  3b:N:Cl 
ratio  of  1.9:1,0:3,1,   Therefore  the  material  that  reacted 
with  gaseous  hydrogen  chloride  must  be  some  species  with 
the  same  Sb:^T:Cl  ratio  as  iminobis-(-urimethylchlorostibane) , 
but  not  necessarily  this  compound.   The  reaction  might 
proceed  according  to  an  equation  similar  to  the  follov^ing: 
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L(GE^)^S^{Cl)l^m^^^    H-  5ECl^g^  ->  2(CH^)3SbCl2(3^, 

Sb:IT:Cl  ratio  in  product  mixture:   2:1:5 
Had  the  reactive  species  been  iCll^)^S^Om^)01,    the  Sb::T:Cl 
ratio  would  have  been  1:1:3. 

The  unreacted  stibine  vms  accounted  for  as  trimethyl- 

stibine  oxide. 
Iminobis-(triethylchlorostibane) 

2(C2H^)3Sb  +  2!IH2-1  "*  [(O.K.) -Sb(Cl)  l^^^  +  1^3 
Triethylstibine,  3.1  mmoles,  v;as  introduced  into  a 
vacuum  line  and  degassed  twice.   Fifty  milliliters  of  a 
0.15  molar  ethereal  solution  of  chloranine  v:as  slowly  trans- 
ferred onto  the  stibine  with  stirring  at  -78°C.   The  material 
was  warmed  to  room  temperature  and  stirred  for  tvro  hours. 
During  this  time  a  white  solid  formed.   The  solven~.  was 
removed  from  the  flask  by  vacuum  and  the  sealed  apparatus 
was  transferred  into  an  inert  atmosphere  box.   The  crude 
material  was  washed  v;ith  several  small  portions  of  hot 
cyclohexane  and  dried  in  vacuum.   The  material  melted  at 
126-129=0.  to  a  clear  liquid.   A  total  of  0.6^  gram  was 
obtained  which  was  87  per  cent  of  theory  based  on   the  above 

equation. 

Iminobis-(triethylchlorostibane)  is  soluble  in  hot 

benzene  and  chloroform  and  is  insoluble  in  ethyl  and  iso- 
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propyl  ethers,  n-hexane  and  cyclohexane.   The  melting  point 
can  he  improved  to  128-129°C,  hy  recrystallization  from 
benzene,  hut  a  large  portion  of  the  compound  is  decomposed 
in  the  process.   Figure  10  shows  the  infrared  spectrum  of 
iminohis-(triethylchlorostibane) . 

Anal.   Calcd.  for  [(C2H^)^Sh(Cl)  ]2l'^'K:   C,  28.61;  H, 
6.20;  N,  2.78;  Sb ,  ^8.55;  CI,  1^.08;  IW,  50^.   Found:   C, 
28.81;  H,  6.12;  IT,  2.73;  3b,  ^8.16;  CI,  1^.31;  ^W,  '+12. 

The  proton  magnetic  resonsmce  spectrujn  of  iminobis- 
(triethylchlorostibane)  is  shov/n  in  Fignore  11.   Peak  A 
results  from  the  protons  of  -uhe  methylene  group,  peak  A* 
from  the  protons  of  the  methylene  group  of  the  hydrolysis 
product  (hydrolysis  was  brought  about  by  water  in  the 
deutero-chlorof orm) ,  and  peak  3  from  the  protons  of  the 
methyl  group.   The  methyl  protons  of  the  hydrolysis  product 
are  hidden  under  peak  B.   The  imino  proton  peak  could  not  be 
resolved. 

Iminobi3-(tri-n-propylchlorostibane) 

2(n-C.Kr;)^Sb  +  2:TH2G1  -»  [(n-C^H^)^3b( CI)  12:^11  +  Wd^ 

Tri-n-propylstibine,  2,^  mmoles,  was  introduced  into 
a  vacuum  line  and  degassed  twice.   Forty  milliliters  of  a 
0,07  molar  ethereal  solution  of  chloramine  was  slovrly  con- 
densed onto  the  stibine  v/ith  stirring  at  -78°C.   The  liquid 
was  stirred  at  this  temoerature  for  one  hour  and  then  warmod 
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to  room  temperature  and  allowed  to  react  for  an  additional 
two  hours.   The  reaction  product  v/as  soluble  in  ether  at 
room  temperature.   The  solvent  was  removed  07  vacuum  and 
the  sealed  flask  v;as  transferred  into  an  inert  atmosphere 
box.   The  crude  product  was  vrashed  with  several  small 
portions  of  n-hexane  and  dried  by  vacuum.   The  yield  v;as 
0,51  sram  of  a  white  solid  (72  per  cent  of  theory).   The 
unrecryst  alii  zed  solid  melted  at  S7-9'4-°C.   Lov;  temperature 
recrystallization  from  ether  yields  a  material  v;hich  melts 
at  85-85°G.   The  wash  solvent  yielded  an  additional  portion 
of  product  vmich  raised  the  yield  to  76.5  per  cent  of  theory 
based  on  the  above  equation, 

Iminobis-(tri-n-propylchlorostibane)  is  soluble  in 
ethyl  ether  and  chloroform  and  slightly  soluble  in  n-hexane. 
Heating  the  compound  in  various  solvents  causes  decomposi- 
tion and  the  formation  of  an  oil.   The  infrared  spectra  of 
the  crude  and  recrystallized  product  are  very  similar  and 
the  spectrum  of  the  latter  is  shovm  in  Figure  12, 

Anal,   Galea,  for  [(n-G^:-ir7)^3b(Gl)  j2l~TH:   G,  55,77; 
H,  7.57;  N,  2. 58;  Sb,  ^1,^2;  Gl,  12,06,   Found:   (recrystal- 
lized) G,  56,53;  H,  7.22;  N,  2,17;  Sb,  ^2.15;  Gl ,  11,99; 
(crude)  C,    36,55;  H,  7.1^;  N,  2.67;  Sb,  ^1.29;  Gl,  11.69. 

Figure  15  shov;3  the  proton  magnetic  resonance  spectrum 
of  iminobis-(tri-n-propylchlorostibane) .   Peak  A  is  attributed 
to  the  methylene  protons  and  peak  B  to  the  methyl  protons. 
The  imino  proton  could  not  be  resolved. 
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Iminobis-(tri-n-butylclilorostibane) 

2(n-C^HQ),3b   +   2^201-*    C(n-G^HQ)-.Sb(Cl)  ]2lTH   +  ^H^ 

The  effluent  gases  from  the  chloramine  generator  (20) 
were  passed  directly  through  pure  tri-n-butylstibine,  0.1 
mole,  for  1.^  hours.   The  temperature  of  the  liquid  rose 
to  about  50°G.  during  this  period  and  it  becaicie  very  vis- 
cous.  The  liquid  v;as  filtered  and  stirred  under  vacuum 
for  twelve  hours  during  which  time  a  gas  v/as  evolved  and 
the  material  partially  solidified.   The  semi-solid  substance 
v;as  spread  betv:een  two  porous  plates  in  a  dry  inert  atmos- 
phere and  ground  for  about  fifteen  minutes.   This  process 
v/as  repeated  until  a  flairy  white  solid  vj-as  obtained  which 
melted  at  ■^9-50° C.   The  total  yield  was  17.7  grams  which 
was  51  pe-  cent  of  theory  ba^od  on  the  above  equation. 

Vacuum-line  technique  using  ammonia-free  chloramine 
yields  the  sane  product  in  about  90  per  cent  yield.   Hov;- 
ever,  t;he  presence  of  unreacted  stibine  causes  the  formation 
of  an  oil  from  v/hich  the  product  is  not  readily  separated,. 
The  infrared  spectrum  of  the  oil  is  consistent  with  that  to 
be  expected  for  the  above  product  diluted  v;ith  starting 
material. 

Iminobis-(tri-n-butylchlorost;ibane)  is  soluble  in 
most  of  the  common  organic  solvents.   The  material  cannot 
be  stored  for  long  periods  of  time  as  it  slowly  decomposes 
to  a  yellow  oil.   The  infrared  spectrum  of  iminobis-(tri- 
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n--but7lchlorostibane)    is    shov.oi  in  Figure  1^.      For  compari- 
son the   infrared   spectrum  of  tri-n-butylstibine   is   sho\m 

in  Figure  15. 

Anal.   Galcd.  for  L(n-G^H^)3Sb(Cl)]2l^TH:   C,  42.88; 
H,  8.25;  N,  2.08;  3b,  $6.25;  CI,  10.55;  r-W,  672.   Found: 
C,  42.72;  H,  8.13;  N,  LSO;  Sb ,  56.24;  CI,  10.51;  ^^^ .    5^9. 

Figure  16  shows  the  proton  magnetic  resonance 
spectrum  of  imit^obis-Ctri-n-butylchlorostibane) .   Peak  A 
results  from  all  the  methylene  protons  and  peak  B  from  the 
methyl  protons.   The  absorption  resulting  from  the  lone 
imino  proton  was  not  found.   The  proton  magnetic  resonance 
spectrum  of  tri-n-butylstibine  is  shovm  in  Figure  17. 

Iminobis-(triDhenylchlorostibane) 

2(C.H^)5Sb  +  2m.^Gl-*    [(C.H^)^Sb(Cl)]2iTH  +  m^ 

(GgH^)-,Sb(im2)Gl  +  im^Cl-*    (G3H^)jSbCl2  +  1/5^2 

+  4/3ITH^ 

In  a  typical  experiment,  59  milliliters  of  0.025  M 
amncnia-free  chloramine  was  condensed  into  an  ethereal 
solution  (50  ml)  of  2.14  mmoles  of  triphenylstibine  at 
liquid  nitrogen  temperature,  and  the  temperature  of  the 
mixture  allov/ed  to  rise.   A  v;hite  solid  formed  and  the 
ether  became  light  yellow  in  color  at  just  ^onder  room 
temperature.   Gas  evolution  was  also  observed  at  this  point. 
The  reaction  was  allowed  to  continue  for  five  hours,  after 


58 


39 


en 
o 


O 

a 

-p 
o 

0) 

to 

0 
f4 

Oj 

Ph 

H 
I 


faD 
•H 


w 


C\J 


o 


\D 


faO 


41 


o 
I 


o 


o 

o 

w 

(1) 

o 

o 

m 

(D 

u 

O 

•H 

-P 
(U 

o 

+3 
o 

I 

« 

H 


^2 

which  the  solvent  was  removed  by  vacuum.   A  non-condensible 
gas  was  formed  during  the  reaction  (yield  0.075  mmole).   A 
molecular  weight  determination  showed  the  gas  to  be  nitrogen. 
The  solvent  was  then  treated  with  gaseous  hydrogen  chloride, 
which  produced  a  total  of  l.^S   mmoles  of  ammonium  chloride. 

The  sealed  reaction  flask  v;as  transferred  into  a  dry 
box  and  the  crude  product  v/as  v;ashed  v.ath  0,5  milliliter 
portions  of  dry  carbon  tetrachloride  until  the  insoluble 
solid  gave  a  melting  point  of  219-220, 5°C.   Yields  of 
iminobis-Ctriphenylchlorostibane)  of  55  to  71  per  cent  and 
of  triphenyldichlorostibane  of  25  to  ^5  per  cent  of  theory 
were  obtained  in  a  series  of  e:cperiments  using  various  mole 
ratios  and  concentrations  of  reactants, 

Iminobis-(triphenylchlorostibane)  is  soluble  in 
chloroform  and  hot  benzene  and  slightly  soluble  in  ether 
and  carbon  tetrachloride.   It  does  not  react  with  gaseous 
or  liquid  ammonia,  nor  is  it  readily  susceptible  to 
hydrolysis  in  the  atmosphere  in  the  dry  state.   The  infra- 
red spectrum  is  shovm  in  Figure  18, 

Anal.   Calcd.  for  [(GgH^)^Sb(Cl ) ]2NK:   C,  5^.59;  H, 
3.9^;  N,  1.77;  CI,  3,95.   Found:   C,  5^.2S;  H,  ^,15;  N, 
1,81;  CI,  9.15. 

The  carbon  tetrachloride  wash  liquid  v;as  evaporated 
to  dryness  leaving  0.35  gram  of  an  oil  as  residue.   The  oil 
was  extracted  v;ith  a  small  portion  of  petroleiun  ether,  which 
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dissolves  triphenylstibine.   The  insoluble  residue  was 
identified  as  triphenyldichlorostibane  which  melts  at  1^5- 
li^-^°C.   A  total  of  O.A-7  mmole  was  obtained.   Triphenyl- 
stibine,  0,31  nmole,  was  recovered  from  the  petroleum  ether. 
The  infrared  spectra  of  triphenylstibine  and  triphenyldi- 
chlorostibane  are  shovra.  in  Figures  19  and  20  respectively. 

The  proton  magnetic  resonance  spectrum  of  iminobis- 
(triphenylchlorostibane)  is  sho^-m  in  Figure  21,   Peaks  A 
and  A'  are  assigned  to  the  phenyl  protons;  peak  A  to  the 
ortho  protons  and  peak  A'  to  the  meta  and  para  protons. 
The  spectrum  v;as  also  taken  v.^ith  respect  to  benzene  which 
was  used  as  an  internal  standard.   The  ortho  proton  signal 
is  shifted  -IS  cps  from  the  benzene  signal,  whereas  the  meta 
and  para  proton  signals  are  not  significantly  changed  from 
benzene.   A  dovnifield  shift  from  benzene  is  recorded  as 
negative  values  and  an  upfield  shift  as  positive  values. 
The  signal  for  the  imino  proton  is  probably  weak  and  broad 
and  difficult  to  observe,  and  in  some  cases,  it  is  probably 
overlapped  by  the  phenyl  proton  absorptions. 

The  proton  magnetic  resonance  spectinim  of  triphenyl- 
stibine is  sho/fn  in  Figure  22.   The  chemical  shift  values 
for  the  ortho,  meta  and  para  protons  ar*e  similar  and  as  a 
result,  the  ortho  proton  signal  is  not  significantly  moved 
do'.vnfield  from  that  of  the  meta  and  para  protons.   One  can 
see  the  typical  ortho  proton  pattern  of  four  pealcs  of 
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tic  resonance   spectriiro   of    ('^-5-^3^^' 
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increasing  height  on  the  dovnifield  side  of  the  phenyl 
signal.   When  the  spectrum  was  ta:-.en  with  respect  to  benzene 
it  was  found  that  the  phenyl  signal  was  almost  S3,^mm9trically 
situated  around  the  benzene  signal. 
Pyjjprn_y.qis  of  the  ammonia-free  chloramination  products 

The  alkyl  chloramination  products  are  readily 
hydrolyzed  by  exposure  to  moisture.   Ammonia  evolution  is 
immediately  noticeable.   Dry  iminobis-(triphenylchloro- 
stibane)  does  not  hydrolyze  as  readily  as  the  alkyl  deriva- 
tives.  Hydrolysis  probably  occurs  according  to  the  follow- 
ing equation: 

[R.Sb(Cl)]2^IH  +  H2O  -*  [R.SbCCl)]pO  +  NH^ 

Qyybis-Ctrimethylchlorostibane) 

[(CH5)3Sb(ci)]2:TK  +  H20  -*  r.(CH3)jSb(ci)]2C  +  m^ 

Iminobis-Ctrimethylchlorostibsne),  0.8$  mnole,  was 
ground  and  exposed  to  the  atmosphere  until  amnionia  evolution 
ceased.   There  was  no  noticeable  v;eight  change.   The  re- 
sulting compound  decomposed  at  temperatures  above  200°C.  to 
a  white  solid  and  a  volatile,  highly  reactive,  liquid.   The 
material  can  be  recrystallized  from  alcohol.   Large  crystals 
of  this  compotmd  tend  to  break  up  into  povder  at  about 
220°C.   The  yield  was  100  per  cent  of  theory  based  on  the 
above  equation  (not  recrystallized) . 


50 

Oxybis-Ctrimethylchlorostibane)  is  soluble  in  water 
and  hot  alcohol  and  slightly  soluble  in  chloroiorm.   The 
infrared  spectrum  of  ozybis-(trinethylchlorostiban.e)  is 
shov/n  in  Figure  23  and  has  been  discussed  in  a  previous 
publication  (15). 

Anal.   Calcd.  for  [(CH^)^Sb(Cl) ]20:   CI,  16.85. 
Pound:   CI,  16.66. 

The  proton  magnetic  resonance  spectrum  of  oxybis- 
(trimethylchlorostibane)  is  shown  in  Figures  2^  (CDCl;,)  and 
25  (HpO).   The  spectrum  in  v/hich  chloroform  v:as  used  as 
solvent  is  complex  and  probably  results  from  a  reaction 
betvreen  the  compound  and  solvent.   This  apparently  does 
not  happen  v;hen  water  is  used  as  a  solvent,  as  a.  lone  peak 
is  observed  which  results  from  the  methyl  protons. 

O:<ybis-(triethylchlorostibane) 

[(C2H^)3Sb(Cl)]2iTH  +  H2O  ->  [(C2H.)^Sb(Cl)  J20  +  NH^ 

In  a  typical  experiment,  1.23  mmoles  of  iminobis- 
(triethylchlorostibane)  v/as  dissolved  in  a  methanol-vrater 
mixture  and  stirred  for  one  hour.   The  solvent  was  removed 
by  vacuijm  leaving  an  oil  as  residue.   The  oil  xvas  dissolved 
in  boiling  cyclohexane  and  upon  cooling  to  room  temperature 
white  plate-like  crystals  formed.   The  yield  was  0.62  graia 
which  was  100  per  cent  of  theory  based  on  the  above  equation. 
The  material  melted  at  179-180°C. 
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25, -Proton  magnetic  resonance  spectrum  of  [(CK^)  z3b(Gl)]2<^ 
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Ox7bis-(trietii3'"lch.lorostibane)  is  soluble  in  water, 
alcoiiol,  benzene  and  hot  cyclohexane  and  is  insoluble  in 
various  ethers.   It  is  hygroscopic,  readily  sublimes  in 
vacuum,  and  decomposes  v;hen  heated  above  its  melting  point 
at  atmospheric  pressure.   The  infrared  spectrum  is  shov.Ti  in 
Figure  26, 

Anal,  Calcd,  for  [(C2H^)^Sb(Cl) ]20:  C,  23,5^;  H, 
5,99;  CI,  1^.04;  mi,  505.  Found:  C,  23,92;  H,  5.92;  CI, 
1^.18;  m,    ^97. 

The  proton  magnetic  resonance  spectrum  of  oxybis- 
(triethylchlorostibane)  is  shovm  in  Figure  27.   Peak  A 
results  from  the  mstliylen.e  protons  and  peat  3  from  the 
methyl  protons, 

Qxybis~(tri-n-propylchlorostibane) 

[(n-CjE^)^So(Cl)]2irH  +  H2O  ->  [Cn-G^Hr,)^Sb(Cl)  ]20  +  Mi^ 

Iminobis-(tri-n-propylchlorostibane) ,  0,^9  mmole, 
was  exposed  to  the  atmosphere  and  allowed  to  remain  until 
ammonia  evolution  ceased.   The  solid  v;a.s  recryst  alii  zed 
from  n-hexane.   A  total  of  0.2'^  gram  was  obtained  v.'hich  was 
84  per  cent  of  theory  based  on  the  above  equation.   The 
compound  melted  at  98-100°C. 

Oxybis-(tri-n-propylchlorostibane)  is  soluble  in 
benzene,  chloroform  and  hot  n-hexane  and  is  insoluble  in 
water.   An  x-ray  pov^der  pattern  v/as  obtained  using  a  sweep 
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rate  of  one-fourth  ox  a  degree  per  minute.   The  angles  and 
relative  intensities  are  listed  in  Table  2.   The  relative 
intensities  v;ere  calculated  from  measurements  taken 
directlj  from  the  recorded  spectrum. 

TABLE  2 
X-RAI  POWDER  LATA  FOR  [(n-C,H.-^)  jSb(Cl)  120 
Angle, e      I__  Angle, 0 


5.11 

10.0 

6.1^ 

2.12 

9.^6 

l.A-5 

9.61 

0.62 

10.25 

5.01 

10.57 

0.95 

10.95 

1.2^ 

11.52 

0.62 

11.^8 

0.57 

11.86 

0.55 

12.68 

0.67 

15.96 

2.07 

1^.11 

0.52 

15.04- 

0.67 

15.^2 

0.93 

16.^1 

0.^1 

18.75 

0.56 

18.83 

0.67 

The  infrared  spectrum  of  o:<y'bis-Ctri-n-propylchlorostihane) 
is  shown  in  Figure  28. 

Anal .   Galcd.  for  [(n-C-;.H^)^3b(Cl)  ]20:   G,  56.71;  H, 
7.19;  Sb,  ^1.5^;  CI,  12.0^;  KW,  589.   Found:   C,  56.75;  H, 
7.16;  Sb,  ^1.59;  CI,  11.75;  ^W,  655. 

The  prouon  magnetic  resonance  spectrum  of  oxybis- 
(tri-n-propylchlorostibane)  is  shov.ni  in  Figare  29.   Peak  A 
is  attributed  to  the  methylene  protons  and  peak  3  to  the 
methyl  protons. 
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Oxybis-Ctri-n-butylchlorosti'bsLne) 

[(n-C^H^)^Sb(Cl)]2rIH  +  H2O  -   C(n-C^H^)^Sb(Cl)  ]20  +  M^ 

Iminobis-Ctri-n-butylchlorostibane) ,  0.28  mmole,  v;as 
exposed  to  the  atmosphere  iintil  ammonia  evolution  v;as 
complete.   The  product  was  compressed  between  porous  plates 
until  a  flaky  white  solid  v;as  obtained  with  a  melting  point 
of  52-5^''C.   The  yield  was  0.16  gram  v;hich  was  85  per  cent 
of  theory  based  on  the  above  equation. 

Oxybi3-(tri-n-butylchlorostibane)  is  soluble  in  most 
common  organic  solvents  and  waoer.   The  infrared  spectrum 
of  this  compound  is  shown  in  Figure  50. 

Anal.   Calcd.  for  [(n-C^HQ).Sb(Cl) ]20:   C,  ^2.85;  K, 
8.09;  CI,  10.5^.   Found:   C,  ^5.03;  K,  8.11;  CI,  10. 60. 

The  proton  magnetic  resonance  spectrum  was  not 
obtained  for  this  compound. 

Oxybis--(triphenylchlorostibane) 

[(CgH^)^3b(Cl)]2:~r:  +  H2O  ->  [(C^Hc)3Sb(Cl)]20  +  ITH, 

Iminobis-(triphenylchlorostibane) ,  0.56  mmole,  was 
suspended  in  wet  acetone  and  warmed  until  ammonia  evolution 
ceased.   The  solvent  '.;as  removed  by  vacuum  and  the  residual 
white  solid  was  recrystallized  from  benzene  to  yield  0.^2 
grara  of  a  solid  which  melted  at  219-222°G.   [Lit.  (12)  m.p, 
222°C.j.   A  mixed  melring  point  determination  with  an 
authentic  sample  of  oxybis-(triphen^'lchlorostibane)  shov/ed 
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no  depression  and  the  solid  did  not  release  aumonia  v/hen 
treated  with  base.   The  infrared  spectrum  is  shovm  in 
Figure  51. 

Analytical  data  were  not  obtained. 

Figure  52  shows  the  proton  magnetic  resonance 
spectrum  of  o:cybis-(triphenylchlorostiban.e) ,   Peak  A  is 
assigned  to  the  ortho  protons  of  the  phenyl  groups  and  peak: 
A'  to  the  meta  and  para  protons  of  the  phenyl  groups.   The 
spectrum  was  taken  using  benzene  as  an  internal  standard 
and  it  was  found  that  the  ortho  proton  signal  v^as  shifted 
-21.2  cps  from  the  benzene  signal.   The  meta  and  par-a 
proton  signal  was  not  shifted  significantly  from  that  of 
benzene. 

Some  reactions  of  organoantimon;r(V)  compounds 

A  variety  of  miscellaneous  reactions  of  some  organo- 
antimony(V)  compounds  v;ere  carried  out  in  order  to  obtain 
products  from  v/hich  infrared  and  proton  magnetic  resonance 
data  could  be  obtained.   In  most  cases  yield  data  v/ere  not 
obtained. 

Pyrolysis  of  oxybis-(trimethylchlorostibane) 

3[(CH^)7Sb(Cl)]20  — ^  Sb20^  +  ^(CH^)^Sb  +  oGE^Cl 

Oxybis-(trimethylchlorostibane) ,  2.02  mm-oles,  was 
placed  in  a  small  flask  equipped  with  a  take-off  head  and 
receiver.   The  appa.ratus  was  thoroughly  evacuated  and  then 
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Fig.  52. -Pro-con  magnetic  resonance  spectrira  of 
[(C^H^)^Sb(Cl)j20. 
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brought  to  atmospheric  pressure  v;ith  dry  nitrogen.   The 
flask  was  slowly  heated  until  a  maximum  temperature  of  260°C. 
was  reached  and  held  for  one  half  hour.   During  this  time  a 
liquid  distilled  and  was  iden"c;ified  as  trimethylstihine  "by 
vapor  pressure  measurements  (21).   A  total  of  0,32  gram  was 
obtained  which  vras  71.^  per  cent  of  theory. 

The  solid  residue  v;as  identified  as  antimony(lll) 
oxide  by  comparison  of  its  infrared  spectrum  with  that  of 
an  authentic  sample  of  the  compound  (22).   The  residue 
weighed  0,18  gram  v;hich  was  92.6  per  cent  of  theory  based 
on  the  above  equation.   Methyl  chloride  was  assumed  to  be 
the  other  product,  but  was  not  measured  in  this  experiment. 

The  infrared  spectrum  of  antimony (III)  oxide  is  shown 
in  Figure  35. 

Trimethyldichlorostibane 

C(CH^).Sb(Cl)]oO  +  2HC1.  ^^^  ^  ->  2(GH.)^SbClo  +  HoO 
0   0  2        (^conc.)       5  3    2    2 

An  aqueous  solution  of  o:<ybis-(trimethylchlorostibane) , 
l,3i  mmole,  was  treated  with  an  excess  of  concentrated 
hydrochloric  acid,   A  white  compound,  insoluble  in  water, 
was  formed  and  was  recrystallized  from  the  acidic  reaction 
solvent.   The  yield  v;as  0,^9  gram  (79  per  cent  of  theory 
based  on  the  above  equation).   The  material  melted  at  230- 
230. 5°C.  (dec.)  [Lit.  (1?)  m.p,  229-230=^0.  (dec.)]. 

TrimethyldichlorosLibane  is  soluble  in  chloroform, 
boiling  water  and  boiling  toluene.   The  infrared  spectrum  of 
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trimethyldichlorostibane  is  shovm  in  Figure  5^  and  is 
consistent  with  that  found  in  the  literature  (15). 

Anal,   Calcd.  for  (0:^5)530012:   CI,  29. S.   Found: 

01,  29.8. 

The  proton  magnetic  resonance  spectruja  of  trimethyl- 
dichlorostibane  is  shovm  in  Figure  35.   The  single  peak 
results  from  the  methyl  protons.   This  spectrum  is  entirely 
consistent  with  the  established  crystal  structure  of  the 
molecule  (25),  which  is  trigonal  bipyramidal  with  the  methyl 
groups  in  the  equatorial  positions. 
Oxybis-(trimethylnitratostib£'Jie) 

[(0EO3Sb(Gl)]20  +  2Ag^  +  2N0r  -  C(CH5)5Sb( 01102)120 

+  2Ag01 
Aqueous  silver  nitrate  was  added  dropvrise  to  an 
aqueous  solution  of  oxybis-(trimethylchlcros oibane)  until 
precipitation  was  complete.   The  resulting  silver  chloride 
was  removed  by  filtration  and  the  solution  was  evaporated 
to  dryness.   The  residual  white  solid  was  recrystallized 
from  alcohol  to  yield  a  maT:erial  that  melted  at  262^0.  (dec). 
No  yield  data  were  obtained  since  the  compound  was  prepared 
for  the  p'urpose  of  obtaining  infrared  and  proton  magnetic 

resonance  spectra. 

Oxybis-(trimethylnitratostibane)  is  soluble  in  water 
and  slightly  soluble  in  chloroform.   The  infrared  spectrum 
of  this  compound  is  shov.m  in  Figure  5&.   The  very  strong, 
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Fig.  55. -Proton  magnetic  resonance  spectrum  of  (CK^)j3bCl2. 
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"broad,  peal:s  at  l^SO-lpSO  cm"^  and  1310-1275  cm'   are 
attribiited  to  tlie  v^  and  v^    absorption  frequencies  of  the 
pairtially  covalent  nitrate  group  (2^),  v;b.ich  e:dii"bits  C^^ 
symmetry.   It  has  been  suggested  that  the  degree  of  split- 
ting bet^^;een  v,,  and  v,  is  a  measure  of  co-valent  character 
(25)  as  long  as  it  exceeds  125  cm"   (26).   Any  splitting 
less  than  this  value  might  result  from  lattice  distortion. 
0:cybis-(trimethylnitratostibane)  has  a  v^  -  v^   splitting  of 
157  cm"  .   Also,  a  strong  absorption  occurs  at  1013  cm 
which  is  the  Vp  mode  for  the  covalent  nitrate  group.   The 
v^  mode  which  usually  occurs  in  the  800-781  cm"  region  is 
probably  overlp^pped  by  the  strong  Sb-0-3b  absorption  at 
788  cm"-'-. 

Anal.   Calcd.  for  [(GH^)^Sb(0:T02)  120:   C,  15.21;  H, 
3.85;  IT,  5.91.   ?ound:   C,  15.20;  H,  5.90;  IT,  5.98. 

The  proton  magnetic  resonance  spectrum  of  oxybis- 
(trimethylnitratostibane)  is  shov/n  in  Figure  57.   'Itie  single 
peak  results  from  the  methyl  protons,   V/hen  chloroform  was 
used  as  the  solvent,  three  peaiis  resulted  as  was  the  case 
vrith  iminobis-  and  oxybis-(trimethylchlorostibanes) . 

Trimeth7/ldinitratostibane 

(CE-)-,Sb3r2  +  2Ag^  +  2iT0  "  ->  (OE^)^SoiOTiQ^)2   "^  2AgBr 
Trimethyldinitratosticane  was  prepared  by  the  method 
of  Long  et_al,  (15)  in.  v;hich  an  aqueous  solution  of  tri- 
methyldibromostibane  v;as  reacted  v;ioh  aqueous  silver  nitrate 
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Pig.  37. -Proton  masnetic  resonance  spectr-om  of 
[(CH^)jSb(0rI02)]20- 
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until  the  precipitation  of  silver  "bromide  was  complete. 
The  solution  v;as  freed  of  silver  bromide  by  filtration  and 
the  water  was  removed  cy  vacuum.   The  residual  solid  was 
recrystallised  from  alcohol.   The  resulting  crystals  melted 
at  1^9-150°C.   ITo  yield  data  v;ere  obtained. 

Trimethyldinitratostibane  is  soluble  in  water  and 
chloroform.   The  infrared  spectrum  is  shovm  in  Figure  38. 
The  v^  -  V-,  splitting  is  2'40  cm"  .   The  spectrum  of  this 
compound  was  discussed  by  Long  (13)  a^d  later  hy   Clark  and 
Goel  (27).   Our  v^ork  agrees  quite  closely  with  that  of  the 
latter  authors  although  no  special  reaction  conditions  were 
maintained. 

Anal.   Calcd.  for  (CHj)^Sb( 01102)2:   C,  12.39;  H, 
3.12;  IT,  9.63.   Found:   G,  12.25;  H,  3.22;  IT,  9.^^. 

The  proron  magnetic  resonance  spectrum  of  trimethyl- 
dinitratostibane is  shovm  in  Figure  39.   The  lone  peak 
results  from  the  methyl  protons. 

Oxybis-(triethylnitratostibane) 

[(G2K^)^Sb(Gl)]2C  +  2Ag'*'  +  2110.""  -  L(C2H^)^Sb(02I02)  320 

+  2AgCl 
An  aqueous  solution  of  oxybis-( triethylchl orostibane) 
v;as  reacted  v;ith  an  aqueous  solution  of  silver  nitrate  until 
precipitation  v/as  complete.   The  solution  was  filtered  free 
of  silver  chloride  and  evaporated  to  dryness  by  vacuum.   The 
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Fig.  39. -Proton  magnetic  resonance  SDectrun  of 
(CH^), 3b  (01^2)2 ' 
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resulting  compound  melted  v;ith  deconiposii;ion  at  235^C.  after 
recrystallization  from  alcohol.   ITo  yield  data  v;ere  obtained. 

The  infrared  spectrum  of  oxybis-Ctriethylnitrato- 
stihane)  is  shovm.  in  Figure  ^0.   The  v^  -  v-,  splitting  is 
155  cm"  .   Some  of  the  other  characteristic  absorptions 
are  partially  or  completely  overlapped  by  C-H  absorptions 
and  are  therefore  not  observed  or  occur  as  shoulders. 

Anal.   Calcd.  for  [(C2K^)^Sb(0N02)]20:   C,  25.35; 
H,  5.^2.   Found:   C,  26.^5;  H,  5. 73. 

Proton  magnetic  resonajice  data  were  nor,  obtained  for 
this  compound. 

Tri-n-butyldichl or os tibane  (28,29,50) 

5(n-G^Ho)zSb  +  2SbClj  -*  5(n-G^K^)-,SbCl2  +  2Sb 

Resublimed  antimony(III)  chloride,  0.157  mole,  was 
dissolved  in  100  milliliters  of  dry  benzene  and  slowly  added 
to  tri-n-butylstibine,  0.20^  mole,  with  vigorous  stirring  in 
a  dry  nitrogen  atmosphere.   The  colorless  liquid  clouded  and 
turned  yellov/,  then  orange,  then  brown,  and  finally  black. 
The  mixture  v;as  stirred  overnight  and  then  heated  to  50° C. 
for  tv/o  hours.   During  this  time  the  black  solid  turned 
metallic  gray.   The  liquid  was  filtered  in  a  dry  box  and  the 
benzene  was  removed  under  reduced  pressure.   The  higher 
boiling  liquid  residue  v;as  distilled  under  vacuum,   A  tote.l 
of  61.8  grams  of  a  liquid  that  boiled  at  120-125°C.  at 
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0,1^  mm  v;as  collected  (83  per  cent  of  theory  based  on  the 
above  equation). 

Tri-n-butyldichlorostibane  is  a  colorless,  mobile, 
liquid  v^hich  slowly  hydrolvses  when  exposed  to  the  atmos- 
phere.  It  decomposes  to  an  orange,  high-boiling  liquid  and 
a  lov;-boiling  liquid  when  heated  over  200^0.  at  200  mm 
pressure.   The  orange  liquid  boils  at  121-123°G,  at  10  mm. 
Since  compounds  of  the  type  RpSbX  are  commonly  prepared  by 
heating  the  corresponding  R;,3bXp  (9,18)  it  is  probable  that 
the  orange  liquid  is  di-n-butylchlorostibine.   ITo  analytical 
data  v;ere  obtained  since  "Che  orange  compound  par-cially 
decomposed  upon  standing  v/ith  the  deposition  of  a  black 
solid.   The  yield  v:as  39  per  cent  of  theory.   The  infrared 
spectra  of  tri-n-butyldichlorostibane  and  di-n-butylchloro- 
stibine are  shovm  in  Figures  A-1  and  ^2,  respectively. 

Anal.   Calcd.  for  (n-C^HQ)^SbCl2:   C,  59.59;  H, 
7.4S;  Gl,  19. ^S.  Found:  C,  39.59;  H,  7.36;  CI,  19.32. 

Proton  magnetic  resonance  data  were  not  obtained  for 
either  of  the  tv/o  compounds. 


Triphenyldichlorostibane 


[(C^H^)3Sb(Cl)]20  .2HCl^g^  bxgels  h:0  2(C-H3)3SbCl2 


+  K^O 

A  hot  benzene    solution  of   ox;7bis-(triphenylchloro- 
stibane),    5.85  mmoles,    v;as   treated  v/ith  excess  gaseous 
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hydrogen  chloride  and  then  allowed  to  cool  to  roora  tempera- 
ture.  No  crystals  appeared  at  this  point  indicating  that 
reaction  v/as  conpleue.   About  10  milliliters  of  alcohol  wa.s 
added,  the  solution  v;as  heated  to  boiling,  aind  the  benzene 
v;as  removed  by  passing  nitrogen  directly  through  the  hot 
liquid,   ^//hite  needles  v;ere  obtained  by  recrystalliza.tion 
from  the  alcohol.   A  total  of  2.85  grams  of  the  crystalline 
product  was  obtained  which  v;as  87.6  per  cent  of  theory 
based  on  the  above  equation.   'Ihe  solid  melted  at  1^3-1^^°C. 
and  shov^ed  no  depression  in  the  melting  point  v/hen  mixed 
v/ith  an  authentic  sample  of  triphenyldichlorostibane. 

Triphenyldichlorostibane  is  soluble  in  benzene,  hot 
ethyl  acetate  and  hot  alcohol  and  slightly  soluble  in 
ether,  n-hexane,  cyclohexane  and  carbon  tetra.chloride.   The 
infrared  spectrum  is  shov-Ti  in  Figure  20. 

Elementary  analyses  v;ere  not  required. 

The  proton  magnetic  resonance  spectrum  of  triphenyl- 
dichlorostibane is  shovm  in  Figure  ^5.   The  peak  labelled  A 
is  assigned  to  the  ortho  protons  of  the  phenyl  groups  and 
peak  A'  to  the  met a  and  para  protons.   The  area  ratio  of  A 
to  A'  is  approximately  2  to  5  as  v;ould  be  expected.   The 
spectrum  v.-as  also  taken  v;ith  respect  to  internal  benzene  and 
it  v;as  found  that  the  ortho  proton  pattern  v;as  shifted 
-55.5  cps  from  the  benzene  signal  and  the  meta  and  para 
proton  pattern  v;as  shifted  -8.5  cps.   This  gives  some 
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insight  into  the  electron  v;ithdrav^ins  abilitj^  of  the 
Cl-Sb-Cl  group  and  is  in  complete  agreement  with  the  re- 
sults of  an  x-ray  study  of  this  compound  (31).  ^^   ^^as  found 
that  the  crystal  structure  of  triphenyldichlorostibane  is 
trigonal  hipyramidal  v;ith  the  phenyl  groups  in  the  equatorial 
plane  and  the  chlorine  atoms  in  the  axial  positions.   The 
Sb-Cl  bond  length  appears  to  be  somev/hat  larger  than  normal 
thereby  placing  a  large  delta  positive  charge  on  antimony 
and  explaining  why  the  Cl-3b-Cl  group  functions  as  a  good 
electrophile.   It  is  almost  comparable  -co  a  nitro  group, 
vjhich  shifts  the  ortho  proton  signal  -56.9  cps  from  the 
benzene  signal  (52). 

Triphenylstibine  oxide  (33) 

(C^H^).SbCl2  +  20H"-*  (C-H^)^SbO  +  H2O  +  2Cl" 
An  alcoholic  solution  of  triphenyldichlorostibane  was 
added  to  a  boiling  aqueous  solution  of  sodium  hydroxide. 
A  white  solid  formed  imraediately.   The  liquid  vjas  boiled 
for  an  additional  30  minutes  and  then  the  solid  was  filtered 
free  of  liquid.   The  insoluble  solid  was  washed  with  cold 
water  until  T:he  wash  water  was  neutral  and  chloride  free. 
The  compound  was  dried  by  vacuum  and  found  to  melt  at  235- 
290°C.  with  decoT.position.   Since  the  material  was  prepared 
for  the  purpose  of  performing  an  infrared  study,  no  yield 
data  v;ere  obtained. 
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Anal.   Calcd.  for  (CgH^),3bO:   C,  58.57;  H,  ^.10. 
Pound:   C,  58.70;  H,  ^.28. 

Triphenylstibine  oxide  appears  to  "oe  relatively 
insoluble  in  most  connon  organic  solvenos.   ?igur-e  ^A-  sliows 
the  infrared  spectrun  of  this  compound.   The  peaic  at  560 
cm"  is  attributed  to  the  polyraeric  Sb-O-Sb  absorption. 

Attempts  to  prepare  triphenylstibine  oxide  from 
triphenyldichlorostibane  by  treatment  with  refluxing  v/ater 
and  vigorous  stirrin.g  for  several  days  (5^)  yielded  only 
oxybis-(triphenylchlorostibane) . 

The  proton  magnetic  resonance  speccrum  of  triphenyl- 
stibine  oxide  was  not  obtained, 

Triohenylstibine  oxide  h;/drate 

(C^Hc-)^SbO  +  xE^O  -*  (GcH^).SbO'xH^O 
^6  55       2      o:?p      2 

Triphenylstibine  oxide  v/as  treated  with  boiling, 
moist,  benzene  until  a  portion  of  the  solid  dissolved.   The 
benzene  was  filtered  free  of  solid  and  allov/ed  zo   slowly 
cool  thereby  producing  a  v;hite  solid.   The  recrystallized 
solid  melted  at  209-212°C. 

The  infrared  spectrum  of  triphenylsuibine  oxide 
partial  hydrate  is  shov;n  in  Figure  ^5.   The  absorption  at 
655  cm"  is  at"cributed  to  the  pol^-nneric  Sb-C-Sb  vibration. 

Anal.   Calcd.  for  (C^Hc)3SbO-0. 5H2O:   C,  57.79;  H, 
4.19.   Found:   C,  57.79;  H,  ^-.20. 
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Figure  ^5  shows  the  proton  nagnetic  resonance  spectnim 
of  triphenylstibine  oxide  partial  hydrate.   The  peak  labelled 
A  is  assigned  to  ^he  ortho  protons  of  the  phenyl  groups  and 
peaic  A'  to  the  neta  and  para  protons.   The  area  ratio  of  A 
to  A'  is  approximately  2  to  5.   The  ortho  protons  are 
shifted  -27  cps  from  the  benzene  signal  while  the  meta  and 
para  proton  pattern  fall  symmetrically  around  the  benzene 
signal.   The  signal  for  the  protons  attached  to  o:<ygen  was 
not  observed  and  is  presumed  to  be  overlapped  by  the  phenyl 
signal  or  not  resolved  from  the  background. 
0xybis-(triphen7lnitratostibane) 

2(CgH5)jSl,Cl2  .  ^Ag-JOj  .   HjO  |^>  [(C5H5)  jSKONO^)  IjO 

+  ^AgCl  +  2HK0^ 
Oxybis-(triphenylnitratostibane)  vxas  prepared  by  the 
method  of  Morgan  et  al.  (3),  in  which  an  alcoholic  solution 
of  triphenyldichlorostibane  v^as  treated  with  an  alcoholic 
solution  of  silver  nitrate.   The  resulting  white  solid  was 
recrystallized  from  water  and  found  to  melt  at  226°C.  (dec). 
No  yield  data  were  obtained. 

Figure  ^7  shovxs  the  infrared  spectrum  of  o>:ybis- 
(triphenylnitratostibane).   Jill  the  characteristic  covalent 
nitrato-group  absorptions  ax-e  present  and  the  v^  -  v-j^ 
splitting  is  220  cm""'- .   The  Sb-O-Sb  absorption  has  apparently 
been  shifted  to  a  lov;er  wave  number  such  that  it  is  now 


88 


Fig. 


A-6. -Proton  masnetic  resonance  spectrum  of 
CC,-Hr)zSoO-0.$HpO. 
b    J    t>  ^ 


89 


90 

overlapped  by  "bhe  characteristic  phenyl  absorption  in  the 
7^0  cm"  region. 

Anal,   Calcd.  for  L(iC^n^)^Sb(OEO^)^^0:      C,  51.10; 
H,  5.57;  N,  3.31.  Found:   C,  51.00;  K,  3.^^;   N,  3.31. 

The  proton  magnetic  resonance  spectruia  of  oxybis- 
(triphenylnitratostibane)  is  shovm  in  Figure  4-8,   The  phenyl 
absorption  is  shov/n  as  a  rather  complex  signal  in  which  the 
chemical  shift  values  for  the  ortho,  meta,  and  para  protons 
cire  similar.   The  chemical  shift  from  the  benzene  signal 
v;as  not  measured. 

Discussion 

The  main  purpose  of  this  study  v;as  to  investigate  the 
reaction  of  chloramine  v;ith  various  trialkylstibines  and 
triphenylstibine.   The  results  clearly  establish  the 
generality  of  the  chloramine-tertiary  stibine  reaction  and 
also  shows,  at  least  in  part,  that  chloramine  reacts  v;ith 
stibines  in  a  manner  analogous  to  its  reaction  v;ith  amines, 
phosphines  and  arsines.   Another  fact  brought  out  by  this 
v/ork  is  that  rigorously  anhydrous  conditions  must  be  main- 
tained at  all  times  as  the  resulting  antimony-nitrogen 
coEipounds  rapidly  hydrolyze. 

The  trimethylstibine-ammonia-free  chloramine  reaction 
proceeds  quite  vigorously  at  room  temperature  producing 
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Fig.  ^8. -Proton  magnetic  resonance  spectrum  of 
[(C^H^)jSb(0N02)]20. 
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iminobis-C oriinethylchlorostibane)  in  good  yield  together 

with  v/hat  appears  to  be  a  fev/  percent  of  trimethyldicl^loro- 

stibane.   The  reaction  is  postulated  to  proceed  according 

to  the  following  equations: 

I    (CH-,).Sb,   ,  ^  +  JIH^Cl^   ,  ^  -*  (CH-,)-,3b(Mo)Cl,  s 
3  :>  (soln;     2  (soln)   ^   5  3     ^       Cs) 

II   2(CHj)^Sb(im2)Gl(,g>j  -  [(CH^),SbCGl)]2m^g-)  +  ^3(s) 

The  product  of  step  I  has  never  been  isolated  amd  there  is 
no  evidence  available  to  verify  its  existence  for  any  length 
of  time,  but  to  postulate  it  as  an  intermediate  is  quite 
logical  since  compounds  of  this  tj/pe  are  the  principail 
products  of  the  reaction  of  chlorsmine  v;ith  tertiary  amines, 
tertiary  phosphines,  and  tertiary  arsines.   In  the  latter 
cases,  however,  the  compounds  are  salt-like,  whereas  in  the 
case  at  hand,  the  compound  is  thought  to  be  molecular. 
Since  the  above  reaction  proceeds  even  at  temperatures  as 
lov;  as  -78°C.  ,  it  v;as  first  suspected  that  the  amino  com- 
pound v;as  the  product  at  low  temperature  and  then  as  the 
material  was  allowed  to  warm  to  room  temperature  step  II 
became  the  predominant  reaction. 

Both  the  amino  and  the  imino  compounds  should  act  as 
bases  towards  anl'iydrous  gaseous  hydrogen  chloride  thereby 
producing  a  mixture  of  trimethyldiclilorostibane  and  ammonium 
chloride.   The  Sb:N:Cl  ratio  for  the  mixture  might  enable 
one  to  show  which  compound  had  actually  reacted  v;ith  the 
hydrogen  chloride.   The  reaction  would  probably  proceed 
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acccrdins  to  the  following  equations  for: 

(1)  aminotrimethylclilorostilDane, 
(CH5)3Sb(lsH2)Cl(3)  +  2HCl^g^  -  (CH3)3SbCl2^3)  +  ^'^^^1^3) 

Sb:N:Cl  =  1:1:5 

(2)  iminobis-Ctrimethylchlorostibane) , 
[(CH3)3Sb(Cl)]2irH^3)  +  5HCl^g^  -,2(GH3)3SbCl2^3)  +  -^-^^^1,3^ 

Sb:N:Cl  =  2:1:5 
Trimethylstibine  was  allowed  to  react  with  chloramine 
at  temperatures  bet;ween  -78°  and  -^5  =  0.  producing  a 
thermally  unstable  solid  which  was  allowed  to  react  imriadi- 
ately  with  gaseous  hydrogen  chloride.   The  Sb::i:Cl  ratio 
obtained  for  the  mixture  ^.as  1.9:1.0:5.1  thereby  indicating 
that  even  at  these  low  temperatures  the  imino  compound,  or 
more  accurately,  a  species  giving  an  3b:IT:Cl  rario  of 
2:1:5,  was  present  and  not  aminotrimethylchlorostibane. 

The  few  percent  of  trimethyldichlorostibane  formed 
in  the  reaction  is  one  of  the  more  uncommon  cases  whereby 
chloramine  functions  as  a  chlorinating  agent.   The  formation 
of  this  product  is  posT:ulai:ed  to  proceed  according  to  one 
of  the  following  equations: 

(CHj)5S>>(IIH2)Cl(s)  *   HV^(soln)  "  (^^"j^J^'^'^^SCs) 


or 


2(CH3)3Sb(rIH2)C1^3^  -*   (CH3)3SbCl2(3)  +  ('^'^^7^'^ ^^"^ {soln) 


9^ 
The  similarity  betv;een  the  above  chlorination  and  that  of 
tri-n-hutylstibine  by  antimony(III)  chloride  is  quite 
noticeable  and  it  is  probable  that  the  reaction  mechanisras 
are  also  similar. 

During  the  past  few  years  some  vrork  (15,1^,25,35,35, 
37)  concerning  infrared  data  on  antimony(V)  compounds  has 
appeared  in  the  literature.   Various  vibrational  assignments 
have  been  made,  with  probably  the  most  interesting  being 
the  assignment  for  the  Sb-O-Sb  linl-iage  and  the  Sb-G  sym- 
metrical stretching  vibration.   The  infrared  spectrum  of 
iminobis-(trimethylchloro3tibane)  shov/s  all  the  character- 
istic absorptions  ^Arhich  result  from  the  methyl  groups,  but 
more  particularly,  it  shows  a  very  strong  peak:  at  7'4-l  cm 
and  a  v/eak  peal:  at  553  cm""^.   One  v:ould  e:cpect  the  Sb-ITH-Sb 
linkage  to  give  rise  to  an  infrared  absorption  in  the  same 
general  region  as  that  resulting  from  the  3b-C-Sb  linkage 
and  it  is  for  this  reason  that  the  7^1  cm   absorption  is 
assigned  to  the  Sb-IMH-Sb  as3niimetrical  stretching  vibration. 
The  v;eak  band  at  535  cm~~  might  result  from  an  3b-IT  vibra- 
tion, but  one  cannot  rule  out  the  possibility  -chat  it  might 
also  result  from  the  3b-C  symmetrical  stretching  mode. 
Normally  this  latter  mode  is  infrared  inactive,  but  a  lower- 
ing of  sj^Timetry  could  render  the  vibration  infrared  active. 
The  ^IT-H  stretching  vibrai;ion  appears  as  a  medium  peak  at 
3225  cm   .   :To   ^N-H  deformation  mode  is  found  in  the 


95 

spectrum.   This  latter  piece  of  data  indicates  that  the 
material  is  truly  an  imino  compound,  since  the   ^^LT-H 
deformation  absorption  is  very  wealc  and  normally  not  ob- 
served in  solid  state  spectra.   The  increased  absorption 
which  occurs  just  under  500  cm""^  might  result  from  the  Sb-Gl 
stretching  vibration,  but  no  definite  assignment  can  be  made 
vjlthout  further  data  from  the  far  infrared  region. 

The  proton  magnetic  resonance  data  for  this  compound 
are  inconclusive.   Solubility  limitations  and  extreme 
sensitivity  of  the  compound  to  hydrolysis  limited  the  choice 
of  solvents  to  chloroform.   This  proved  to  be  a  highly 
unfavorable  solvent  since  complex  formation  v/ith  this 
compound  occurred.   As  a  result,  the  proton  magnetic 
resonance  spectrum  shov;ed  three  rather  complex  peaks  in- 
stead of  the  expected  single  peak  v:hich  v;ould  have  resulted 
from  a  compound  containing  equivalent  methyl  groups. 

Chloramine  acts  only  as  an  aminating  agent  v:hen  it 
reacts  with  triethyl-,  tri-n-propyl-,  and  tri-n-butylstibines. 
The  postulated  reaction  sequence  is  shoxm  by  the  iollov;ing 

equations : 

I    R-,Sb  +  :TH^C1  -^   R.Sb(iTHp)Cl 
y  cL  0  '-- 

II   2R^Sb(ITH2)Gl  -*  LRjSb(Gl)  ]2i^^  +  M^ 
Excellent  yields  are  obtained  for  all  three  stibines  V7hen 
completely  anhydrous  ammonia-free  chloramine  is  used  and 
the  reaction  is  carried  out  on  a  vacuum  line.   It  is  not 
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that  ammonia-free  chloramine  is  essential  for  the  production 
of  the  iminobis-(trialk;}'-lchlorostilDanes) ,  for  this  compound 
is  also  formed  v;ith  the  airmonia-chl  or  amine  mixture  from  the 
gas  phase  generator  (20).   Kov/ever,  the  process  by  which 
ammonia  is  removed  is  also  an  excellent  method  for  removal 
of  water,  and  vacuum  line  technique  used  in  the  reaction 
with  ammonia-free  chloramine  assures  that  v/ater  will  not  he 
reintroduced  into  the  system.   In  this  manner  the  hydrolysis 
reaction  is  eliminated  and  a  relatively  pure  product  is 
obtained  from  the  reaction.   Since  the  imino  compounds  in 
question  are  difficult  to  recrystallize  because  of  their 
tendencies  to  undergo  decomposition,  the  production  of 
essentially  pure  compounds  is  highly  desirable. 

The  infrared  spectra  of  the  three  nev;  imino  compounds, 
[(C2H^)^SbCCl)]2im,  [(n-C^H^)^Sb(Cl)]2lTH,  and 
[(n-C^HQ)-,Sb(Gl)]-3:TH,  become  increasingly  more  complicated 
as  the  alkyl  group  is  lengthened.   This  is  to  be  ezcpscted 
since  more  C-H  and  C-C  stretching  and  deformation  modes  be- 
come possible  as  the  size  of  the  alkyl  groups  is  increased. 
The  infrared  band  assigned  to  the  Sb-ilTI-Sb  vibration  appears 
at  753  cm   for  iminobis-(triethylchloro5tibane) ,  at  752 
cm"   for  iminobis-(tri-n-propylchlorostibane) ,  and  at  either 
758  cm""''  or  735  cm"   for  iminobis-(tri-n-butylchlorostib.ane) . 
A  band  v;hich  might  result  from  the  Sb-C  symmetrical  stretch- 
ing vibration  appears  in  the  ethyl  analogue  but  apparently 
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is  so  weak  in  the   other  tv;o  cases  that  it  is  not  resolved 
from  the  background.   All  faree  compounds  shov;  the  typical 
'^ll-R   absorption  in  the  5160  cn~  region  and  all  fail  to 
shov;  a  deformation  band.   This  again  is  more  evidence  in 
support  of  ohe  proposed  structure,  [3^Sb(Gl)  ]2l'^»   In.- 
creased  absorpT:ion  occurs  in  the  250-500  cm"^  region,  hov;- 
ever,  nothing  definioe  can  be  said  about  this  area  except 
that  it  is  the  region  v/here  one  v;ould  e:cpect  the  Sb-Gl 
absorption  to  occur, 

Kolecular  vreight  data  v;ere  obtained  for  iminobis- 
(triethyl-  and  tri-n-butylchlorostibanes)  and  in  both  cases 
the  results  were  about  18  per  cent  lov;er  than  that  expected 
for  the  condensed  materials.   The  molecular  v;eight  experi- 
ment was  performed  in  a  standard  apparatus  with  some 
modification  to  help  prevent  hydrolysis,  but  nevertheless, 
hydrolysis  did  occur  causing  low  values  to  be  obtained. 

The  proton  magnetic  resonance  spectra  of  ohe  com- 
pounds failed  to  show  an  absorption  which  could  be  attributed 
to  the  imino  proton.   This  is  not  unusual  as  in  many  cases 
an  imino  proton  band  is  very  weak  and  broad  and  difficult 
to  resolve  from  the  backgro^und.   The  paro  of  the  spectrum 
which  results  from  the  pro  cons  of  the  alkyl  groups  is 
entirely  characteristic  of  the  particular  group  in  question 
and  consistent  with  the  proposed  s-cructure. 
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Triphenylstibine  reacts  v;ith.  ctLloranine  in  the  sane 
manner  as  trimetliylstibine  in  that  triphenjldichlorostibane 
is  a  reaction  product  along  v;ith  iininobis-(triphenylchloro- 
stibane).   There  is  no  evidence  of  reaction  until  just 
under  roora  temperature  at  which  time  a  solid  precipitates, 
the  solvent  talces  on  a  light  yellov:  color,  and  nitrogen  is 
evolved.   The  experiment  v;as  carried  out  using  different 
mole  ratios  and  different  concentrations  of  starting 
materials  in  order  to  determine  the  most  favorable  condi- 
tions for  the  formation  of  only  the  imino  compound.   The 
unpredicta.bilit7  of  the  ethereal  chloramine  solutions  caused 
complications  v/hich  prevented  "che  study  from  yielding  any 
definite  information  concerning  the  chlorinating  reaction. 
Hov/ever,  upon  compilation  of  data,  it  appeared  that  the 
production  of  triphenyldichlorostibane  v;as  dependent  more 
upon  a  concentration  effect  "chan  upon  a  mole  ratio  effect. 
To  say  more  v;ould  be  purely  speculation  without  any  chemical 
evidence  to  back  it  up.   A  mechanistic  study  of  this  type 
would  require  a  unique  set-up  in  which  all  variables  could 
be  controlled  and  still  prevent  the  introduction  of  water 
en.d  the  decomposition  of  chloramine. 

The  infrared  spectrum  of  iminobis-(triphenylchloro- 
stibane)  shovrs  a  weak  absorption  at  51^0  cm"  which  is 
tentatively  attributed  to  the  ^IT-H  stretching  vibration. 
It  should  be  pointed  out  that  this  peak  is  not  resolved  if 
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th.e  compound  is  improperij  mulled.   The  spectrum  slLso  shows 
the  characteristic  peaks  associated  v;ith  the  phenyl  groups. 
The  verj   strong  peaks  at  1^-^30  cm"  and  995  cm"  ,  vmich  have 
in  the  past  "been  associated  v:ith  a  P-phenyl  linkage  (53), 
are  more  properly  assigned  to  an  activated  ring  stretching 
vibration  and  a  ring  breathing  mode,  respectively  (59). 
These  peaks  are  found  in  essentially  the  same  place  in 
phosphorus,  arsenic,  antimony  and  bismuuh  compounds  con- 
taining phen;>'l  groups  and  it  is  unlikely  that  the  pea2<s 
would  always  fall  in  the  same  place  if  they  were  actually 
metal -phenyl  vibrations.   The  Sb-!]H-Sb  absorption  occurs  as 
a  verj   strong  band  at  765  cm"  and  does  not  appreciably 
change  v;hen  the  compound  is  hydrolyzed.   The  C/  ^>-Sb 
asymmetrical  stretching  vibration  is  undoubtedly  overlapped 
by  the  phenyl  out-of -plane  ring  bending  by   quadrants  vibra- 
tion in  the  ^50  cm"  ■  region  (55,^0).   Figure  ^1-3   shovrs  a 
plot  of  the  G/  ■^\"^-   observed  frequencies  in  wave  numbers, 
where  M  is  equal  to  P,  As,  Sb ,  and  Ei,  versus  l/\/lir,  where  n 
represents  the  reduced  ma-ss,  and  clearly  verifies  the  pre- 
ceding statement.   The  Sb-Cl  stretching  vibration,  which 

should  occur  in  the  250-500  cm"  region,  either  occurs  belovr 

-1  -"• 

250  cm   or  is  masked  bj   the  medium  b3.nd  at  285  cm  "".   'I'his 

latter  band  is  characteristic  of  Sb(7)  compounds  containing 
phenyl  groups  and  probably  results  from  infrared  active 
bending  modes  associated  vrith  the  (C,-H;-)-3b-(G.H--)  struc- 
ture  v.'hich  is  common  to  all  of  the  phenyl  compounds  (1^), 
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The  proton  magnetic  resonance  spectrum  of  iminobis- 
(triphenylclilorostibane)  confirms  "die  presence  of  equivalent 
phenyl  groups  thereby  offering  further  evidence  in  support 
of  the  imino  structure. 

During  the  course  of  this  work  it  has  been  shovm 
that  iminobis-Ctrialkylchlorostibanes)  readily  hydrolyze 
when  exposed  to  the  atmosphere  vdth  evolution  of  ammonia. 
The  hydrolysis  reaction  is  postulated  to  proceed  according 
to  the  follovring  equation: 

[R  Sb(Cl)]2M  +  H2O  -*  CR^Sb(Cl)]20  +  ITH^ 

Infrared  data  are  consistent  v^ith  the  proposed  anhydride 
structure  in  that  no  absorption  is  seen  for  an  O-H  group 
and  the  all-ryl-chloro  derivatives  show  the  Sb-O-Sb  absorption 
in  the  775-7^5  cm"-'"  region.   A  weak  to  medium  band,  which 
might  be  attributed  to  the  Sb-C  symmetrical  stretching 
vibration,  is  seen  at  55^1-  cm"   for  the  methyl  compound  and 
at  ^9S  cm""^  for  the  ethyl  compound.   These  bands  are  not 
seen  for  the  higher  analogues.   No  definite  assignment  can 
be  made  for  the  Sb-Gl  stretching  vibration. 

Proton  magnetic  resonance  data  are  also  consistent 
with  that  to  be  expected  for  the  anhydride  structure.   In 
other  words,  only  equivalent  alkyl  groups  were  shown  and 
no  absorption  resulting  from  a  proton  on  oxygen  could  be 
found.   The  spectri-un  of  o:<ybis-(trimethylchlorostibane)  was 
obtained  in  both  water  and  chloroform.   The  spectr^om  obtained 
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using  water  as  a  solvent  sliowed  only  one  peak  whereas  the 
spectrum  taken  in  chloroform  shov;ed  three  peaks,  the  same 
as  in  the  case  of  iminobis-Ctrimethylchlorostihane) . 

Molecular  v/eight  data  v;ere  obtained  for  0X7bis-(t;ri- 
ethyl-  and  tri-n-propylchlorostibanes)  and  are  in  excellent 
agreement  with  the  proposed  anhydride  structure. 

Dry  iminobis-(triphenylchlorostibane)  does  not 
hydrolyze  very  rapidly  v:hen  exposed  to  the  atmosphere.   Hov/- 
ever,  if  the  compound  is  placed  in  a  wet  solvent,  hydrolysis 
occurs  quite  readily.   The  proton  magnetic  resonance 
speciirum  of  oxybis-(triphenylchlorostibane)  is  completely 
consistent  with  that  to  be  e:cpected  for  the  anhydride 
structure  in  that  it  shoi-;s  only  one  kind  of  phenyl  group 
and  no  absorption  for  a  proton  attached  to  oxygen. 

The  use  of  infrared  spectroscopy  for  determining 
the  existence  of  an  Sb-Cl  bond  in  compour'.ds  of  the  type 
[R^Sb(Cl)]^0  did  not  prove  fruitful.   In  most  cases  the 
Sb-Cl  absorption  v-'as  (1)  masked  by  other  peaks  in  the  250- 
300  cm"  region;  (2)  very  v/eak  and  therefore  difficult  to 
identify,  or  (5)  below  ohe  range  of  the  instrument.   As  a 
direct  result  of  these  difficulties,  a  nev;  approach  v;as  made 
which  involved  the  exchange  of  a  chlorine  atom  for  a  nitrato 
group  because  the  type  of  bonding  betv;een  antimony  and 
chlorine  should  be  similar  to  that  between  antimony  and  a 
nitrato  group.   Actually,  the  bond  between  antimony  and 
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chlorine-  might  even  be  predicted  to  show  more  covalent 
character  than  the  corresponding  antinony-nitrato  bond, 
since  the  Pauling  electronegativity  for  chlorine  is  less 
than  that  for  o:<o'"-gen  and  the  properties  of  the  bond  are 
governed  predominantly  by  the  atoms  directly  connected  to 
one  another.   Insight  might  be  gained  into  the  nature  of 
the  bond  through  infrared  spectroscopy  since  both  the 
nitrate  ion  and  the  partially  covalent  nitrato  group  give 
characteristic  infrared  absorptions.   In  part;icular,  "Che  v^, 
vibrational  mode  (NOp  stretch)  of  the  nitrate  ion,  v;hich 
possesses  D^,  symmetry,  occurs  at  approximately  1390  cm 
If  the  symmetry  is  lo^'/ered  as  a  result  of  lattice  dis- 
tortion, this  mode  undergoes  a  splitting  which  usually  does 
not  exceed  125  cm"   (26).   On  the  other  hand,  if  the  sym- 
metry is  lov;ered  tov;ards  Cp   as  the  result  of  partial 
covalent  bonding,  the  splitting  exceeds  125  cm   .   The 
frequency  ranges  for  both  of  the  above  mentioned  species 
are  conveniently  listed  in  a  publication  by  Addison  and 
Gatehouse  (2^).   It  has  been  suggested  by  Ferraro  (25)  that 
the  degree  of  the  v^|_  -  v.,  splitting  might  be  used  as  a 
measure  of  covalent  chara.ct;er  in  the  metal -nitrato  bond. 
The  observed  splitting  can  be  compared  with  that  obtained 
for  methyl  nitrate,  which  presumably  contains  a  purely 
covalent  nitrato  group  of  Gp  symmetry  (^1). 

The  follov/ing  compounds  v;ere  prepared  in  order  to 
determine  v;hether  or  not  the  Sb-ONOo  linkage  possessed 
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covalent  character;   (CH^),Sb(0N02)2»  [(CgHc)zSb(OlTOp) 1^0, 
[(C2Hc)cSb(0N02)]20,  (GgH^)^SbO^TOp,  and  [(CH^)^Sb( 01^2)  320. 
As  stated  earlier,  the  conclusions  of  this  study  would  also 
be  presumed  to  hold  for  the  3b-Cl  bond.   This  presumption 
is  supported  by  the  fact  that  the  infrared  spectrum  of 
trimethyldinitrarostibane  shoves  a  "V"^  -  v,  splitting  of 
240  cm""^  thereby  showing  the  presence  of  a  partially  co- 
valent nitrato  group.   This  is  entirely  consistent  with  the 
fact  that  the  infrared  spectrum  of  trimethyldichlorostibane 
shovrs  an  absorption  at  277  cm"  which  is  attributed  to  the 
Sb-Cl  asymmetrical  stretching  vibration.   That  the  band  at 
277  cm"  results  from  an  Sb-Cl  vibration  is  confirmed  by 
the  fact  that  v?hen  the  chlorine  atoms  are  replaced  by 
bromine  atoms  the  band  disappears,  but  the  remainder  of  the 
spectrum  does  not  change. 

The  remainder  of  the  com.pounds  shovm  above  are  listed 
in  decreasing  order  of  their  v^  -  v,  splitting.   The  v^  -  v-^ 
splitting  for  oxybis-(triphenylnitratostibane)  is  220  cm 
This  is  sufficient  evidence  to  conclude  that  the  Sb-OIIOp 
bond  possesses  partial  covelent  character,  probably  only 
slightly  less  than  that  found  in  trimethyldinitratostibane. 
From  this  data  it  is  assumed  that  the  antimony  is  bonded 
directly  to  the  chlorine  in  oxybis-Ctriphenylchlorostibane) . 
This  conclusion  is  thoroughly  supported  by  the  v/ork  of 
Kolditz  et  al.  (12),  who  found  that  the  molecular  weight  of 
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oxybis-Ctriphenylchlorostibane)  in  bronoform  agreed  with 
the  anhydride  structure  and  that  a  solution  of  the  compound 
in  acetonitrile  shov;s  no  electrical  conductivity. 

Oxybis-(triethylnitratostibane)  gives  a  v^  -  v^ 
splitting  of  165  cm'""''  thereby  shovring  a  definite  lov/ering 
of  covalent  character  in  the  Sb-0:^0^   bond,  but  not  enough 
to  conclude  that  there  is  no  sharing  of  electrons  in  the 
bond.   This  conclusion  is  also  carried  over  to  oxybis- 
(triethylchJ-orostibane).   I-lolecular  weight  data  for  the 
chloro  compound  are  consistent  V7ith  the  anhydride  structure, 
but  are  inconclusive  concerning  the  i:ype  of  bonding  since 
the  determination  v;as  carried  out  in  benzene.   No  conduc- 
tivity data  are  available. 

The  remaining  tvio   compounds,  tetraphenylnitrato- 
stibane  and  oxybis-(trimethylnitratostibane)  show  a  V;^   -  v-^ 
splitting  of  139  and  137  cm""^ ,  respectively.   The  v^   3iode 
for  the  covalent  nitrato  group  shov;s  as  a  strong  peak  at 

1018  cm""''  in  the  anhydride,  but  either  is  missing  or  is 

-1    o-^ 
overlapped  by  the  pheri;>^l  absorption  at  1018  cm   m  one 

tetrarshenyl  derivative.   The  Vg  mode  is  undoubtedly  masked 

by  the  strong  3b-0-3b  absorption  at  733  cm"  in  the 

anhydride  and  is  missing  in  tetraphenylnitratostibane.   The 

similar  splitting  values  probably  indicate  that  the  So-C-n02 

linkage  still  possesses  some  covalent  character,  although 

there  seems  little  doubt  that  the  bond  must  be  highly  polar. 
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It  therefore  seems  reasonable  to  conclude  that  the  chloro 
derivatives  also  contain  a  highly  polar  antimony-chlorine 
bond,   Neither  molecular  v/eight  nor  electrical  conductivity 
data  are  available  for  either  of  the  above  compounds. 

X-ray  pov:der  patterns  were  obtained  for  oxybis-(tri- 
n-propylchlorostibane)  and  o:vybis-(triphenylchlorostibane) 
in  an  attempt  to  determine  the  crystal  system  to  which  they 
belong.   The  former  compound  gave  only  one  intense  peak 
relative  to  the  others  and  failed  to  give  any  peal-is  beyond 
an  angle  of  18,88°.   The  latter  compound  failed  to  give  any 
intense  peaks  at  all.   Not  enough  lines  v/ere  obtained  from 
either  of  these  spectra  to  make  possible  the  necessary 
calculations  involved  in  a  determination  of  this  type. 

Recently,  Jensen  and  Nielsen  (53)  have  made  avail- 
able far  infrared  data  on  triphenyldibromostibane  and  tri- 
phenyldibromobismuthane.   The  first  compound  shov;s  absorp- 
tions at  29^  and  258  cm"  .   Both  bands  v;ere  8.ssigned  to 
Sb-Br  vibrations,  but  our  data  shows  that  the  29"^  cm"  band 
is  present  in  a  large  variety  of  Sb(7)  compounds  containing 
phenyl  groups  and  not  bromine  atoms  and  therefore  must  not 
result  from  an  Sb-3r  vibration.   The  band  at  258  cm  "^  un- 
doubtedly results  from  the  Sb-3r  stretching  vibration  amd 
is  conclusive  evidence  of  partial  covalent  bonding  betv;een 
the  antimony  and  bromine  atoms.   It  is  also  shown  that 
bismuth  is  bonded  directly  to  bromine  in  triphenyldibromo- 
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bisnuthane  as  the  absorption  at  219  cm"  must  result  from 
the  3i-Br  stretching  vibration. 

Doak  (1^)  presents  infra.red  data  for 
[(Cg^H^):5Sb-0-Sb(GgHc)-'][C10^jp  and  concludes  that  the 
perchlorate  group  is  ionic;  therefore,  the  antimony  atoms 
should  be  -uetracovalent  exhibiting  tetrahedral  symmetry 
instead  of  trigonal  bipyramidal  symmetry.   This  v:ould  render 
both  the  symmetrical  and  asymmetrical  Sb-C/   >  stretching 
vibrations  infrared  active.   Since  the  above  perchlorate  is 
the  only  one  of  the  compounds  included  in  the  study  to  ex- 
hibit a  medium  intensity  band  at  ^11  cm"  ,  it  is  concluded 
that  this  band  probably  results  from  the  S3\rmmetrical 
Sb-C/  ^N  stretching  vibration.   The  rendering  of  this 
particular  vibration  infrared  active  might  also  result  from 
severe  distortion  of  the  trigonal  bipyranidal  symmetry 
around  antimony  and  it  is  not  unlikely  that  distortion 
occurs  in  compounds  of  this  type.   It  might  bear  repeating 
at  this  time  that  imino-  and  oxybis-(trimethyl-  and  tri- 
et)'-ylchloro3"[;ibanes)  a.nd  their  nitrato  derivatives  also 

exhibit  absorotions  that  mic:ht  result  from  the  Sb-C^   n 

(.ar  j 

syTrnTietrical  stretching  vibration,  and  ohese  compounds  are 
not  considered  to  be  ionic.   And  finally,  tetraphenyl- 
stiboniiim  tetraphenylb orate,  which  is  undoubtedly  a  true 
tetracoordinate  antimony  compo"and,  does  not  shov;  any 
absorption  in  the  ^11  cm"  region. 
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The  basic  character  of  oxybis-Ctrimethylchloro- 
stibane)  is  clearly  demonsi:rated  by  the  reaction  of  this 
compound  \fith  concentrated  hydrochloric  acid  to  yield  tri- 
methyldichlorostibane  and  water.   The  reaction  is  postulated 
to  proceed  according  to  "Che  follov/ing  equation: 

[(CH3)3Sb(Cl)]20^^^^  .  2HC1^^^^^^  -*2(CH3)3SbCl2^33 

However,  it  now  appears  that  the  above  equation  is  somev;hat 
overly  simplified.   It  has  been  shovm  in  some  of  the  earlier 
literature  (11,^2)  that  trimethyldihalostibanes  hydrolyze 
extensively  in  aqueous  solution.   Long  (1$)  recently  re- 
investigated some  of  this  earlier  xfork  and  concluded  that 
indeed  the  dihalides  are  probably  completely  hydrolyzed  in 
aqueous  solution,  but  the  reaction  is  reversible  since  the 
dihalides  can  be  recrystallized  from  vmter  unchanged.   It 
is  further  stated  that  the  particular  product  obtained  from 
the  aqueous  solution  must  therefore  be  dependent  upon  the 
chloride  and  hydronium  ion  concentrations.   The  following 
equations  were  postulated  for  the  formation  of  the  various 
compounds : 

(CH3)3Sb(0:ri)2  +  SZ"  +  211  Jd'^   -*   (CK3)-.SbX2  +  ^^^^ 


and 


(CH3)3Sb(OK)2  +  X"  +  ¥.<0^   ->  (GE^) -.Sh(GE)X   +   2H2O 

^[(Cn.)  Sb(Gl)]20  +  |h20 
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In  view  of  the  above  inf oraation  it  trierefore  seens  quite 
reasonable  to  postulate  that  oxybis-Ctrime-uhylchlorostibane) 
is  also  completely  hydrolyzed  in  aqueous  solution  and  the 
overall  reactions  probably  proceed  according  to  the  follov;- 
ing  equations: 

I    (CHO-SbO-HoO  +  H.O""  +  Cl"  ^   (CH^)^Sb(OH)Cl  +  2H2O 
II    (CE.)jSb(OH)Cl  +  H^O"^  +  Cl"  ^  (GKj)jSbCl2  +  2H2O 
III   2(CK^)jSb(0Ii)Cl  ^  [(GH^)^Sb(Gl)]20  +  H2O 

The  reaction  of  concentrated  hydrochloric  acid  v;ith  oxybis- 
(trimethylchlorostibane)  actually  involves  all  the  reactions 
represented  by  equations  I,  II,  and  III. 

The  proton  magnetic  resonance  spec-crun  of  aqueous 
o>:ybis-Ctrimethylchlorostibane)  shov;s  only  one  sharp  pea]:C 
thereby  indicating  the  presence  of  only  one  species  and  if 
that  species  is  the  anhydride,  the  methyl  groups  must  be 
eauivalent,   Kov/ever,  it  is  more  probable  that  the  lone  peal: 
results  from  the  methyl  protons  of  trimethylstibine  oxide 
monohydrate. 

One  cannot  study  the  corresponding  reactions  in 
aqueous  solution  for  the  triphenyl  derivatives  since  all  of 
the  compounds  in  question  have  very  lov:  solubilities  in 
water.   Hovrever,  by  simply  choosing  the  appropriate  solvent 
and  reaction  conditions,  one  can  shov;  that  the  triphenyl 
derivatives  undergo  the  same  type  of  reactions  as  do  the 
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trimethyl  deriva"bives.   For  instance,  triphenyldichloro- 
stibane  is  partially  hydrolyzed  to  oxybis-Ctriphenylchloro- 
stibane)  by  (a)  treating  an  alcoholic  solution  of  the  di- 
chloride  v/ith  boiling  water  (12),  or  (b)  treating  the  solid 
v/ith  reflu:>:ing  water  vrLth  vigorous  stirring  for  several 
days.   Method  (a)  is  preferred  since  method  (b)  is  extremely 
dependent  upon  the  stirring  technique.   Only  v;hen  the  di- 
chloride  is  treated  with  a  boiling  aqueous  solution  of 
hydroxide  ion  is  complete  hydrolysis  to  triphenylstibine 
oxide  accomplished. 

The  basic  character  of  oxybis-Ctriphen^/lchloro- 
stibane)  is  established  by  its  reaction  v/ith  gaseous  hydro- 
gen chloride  in  dry  benzene  to  form  triphenyldichloro- 
stibane,  and  there  is  lit"cle  doubt  that  triphenylstibine 
oxide  v;ould  also  undergo  a  similar  reaction.   As  a  matter 
of  fact,  triphenyldiacetatostibane  is  prepared  in  this 
manner  (7,^3). 

That  antimony  has  a  considerable  affinity  for  oxygen 
is  verified  by  the  fact  that  upon  pyrolysis  of  oxybis-(tri- 
methylchlorostibane) ,  antimony(III)  oxide  is  obtained  as  a 
ma.jor  product  along  v;ith  trimethylstibine  and  methyl 
chloride.   The  reaction  is  postulated  to  proceed  according 
to  the  follov;ing  equations: 
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[(CH5)jD0(Cl)]20  -^->  2OH3CI  -f  [(CH,)2Sb]20 

The  experinental  conditions  were  such  that  there  vras  no 
visual  evidence  for  the  interniediate  formation  of  oxybis- 
(trineth'/lstibine),  v:hich  is  a  liquid  (18).   The  above  alicyl 
halide  elinination  reacoion  is  analogous  to  the  standard 
preparation  of  diallc;>'lhalostibines  by  pyrolyzing  the 
corresponding  triallr/ldihalostibanes  (9, IS).   Accordingly, 
tri-n-butyldichlorostibane,  v;hich  readily  distills  under 
high  vacmm,  vras  pyrolyzed  at  higher  pressure.   A  very  low 
boiling  liquid  was  obtained,  v;hich  is  believed  to  be  n- 
butyl  chloride,  along  with  an  orange,  high-boiling  material . 
This  orange  liquid  is  almost  certain  to  be  di-n-butylchloro- 
stibine.   The  liquid  decomposes  with  deposition  of  a  black 
solid  very  soon  after  distillation  is  complete.   The  reason 
for  the  decomposition  is  not  loiovm.   The  black  solid,  vrhich 
was  first  thought  to  be  metallic  antimon;^,  is  probably  the 
black  polymeric  n-butylstibine  described  by  Kerbstman  (^^). 
The  -ore^aration  of  tri-n-butyldichlorostibane  is  analogous 
to  the  reaction  of  various  tertiary  phosphines  v;ith 
phosphorus (III)  chloride. 


CHAPTER  III 
THE  SYITTHESI3   OF   AITTIrIOr]T-lTITHCGE^T   CCrlPOUiroS  3Y  AIIIICITOLYSIS 

Experimental 

Manipulation  of  materials 

Triphenyldichlorostibane  v;as  purchased  from  Peninsular 
ChemRe search,  Inc.  and  was  recrjstallized  from  ethyl  acetate 
before  use.   The  material  melted  at  1^3-1^^'-°C.   Tetraphenjl- 
hromostibane  v;as  purchased  from  Alfa  Inorganics,  Inc.  and 
used  as  received.   The  material  melted  at  210-213°G.   Liquid 
ammonia  solutions  of  potassium  amide  were  sometimes  genera- 
ted in  situ  and  other  times  generated  from  freshly  prepared 
potassium  amide.   The  liquid  ammonia  v;as  dried  with  sodium 
before  being  used.   All  liquid  ammonia  reactions  were  carried 
out  on  a  vacuum  line  v;ith  rigorous  exclusion  of  water. 
Reagent  grade  solvents  v^ere  dried  v;ith  calcium  hydride. 
Technical  gr8.de  solvents  were  distilled  from  calcium  hydride 
and  then  stored  over  the  same  drying  agent  in  a  dry  box. 
All  resulting  compounds  v/ere  purified  and  stored  in  a  dry 
box  using  glassware  that  had  been  bailed  at  15C°G,  for  more 
than  one  hour  and  thoroughly  evacuated  for  over  15  minutes 
while  hot. 
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Analytical  i:i.ethod3_ 

Elementary  analyses  vrere  carried  out  by  Schwarzkopf 
Hicroanalytical  Laboratory,  Voodside,  ITev:  York  and  Galbraith 
Laboratories,  Inc.,  Knox^/ille,  Tennessee.   Sone  nitrogen 
analyses  vrere  performed  in  tnis  laboratory  using  a  Coleman 
nodel  29  Nitrogen  Analyzer. 

Melting  points  v/ere  obtained  using  wax  sealed  capil- 
laries on  a  Thonas-Hoover  capillary  melting  point  apparatus 
and  are  uncorrected. 

Infrared  spectra  were  obtained  on  a  BeckmsLnn  Model 
IR  10  infrared  spectrophotometer  using  cesium  iodide  optics. 
Solid  state  spectra  were  obtained  using  ITujol  and  Kel-? 
mulls.   All  samples  v;ere  prepared  in  a  dry  box  and  stored 
in  a  dessicator  until  being  placed  on  the  instrument. 
Infrared  spectral  absorption  frequencies  are  listed  in 
Table  3. 

Proton  magne-cic  resonance  spectra  v;ere  obtained  on  a 
Varian  nuclear  magnetic  resonance  analytical  spectrometer 
Kodel  AoO-A.   All  spectra  were  obtained  in  deutero-chloro- 
form  containing  a  small  amount  of  tetramethylsilsne.   The 
mixture  vras  dried  over  calcium  hydride.   In  some  cases 
benzene  v;as  also  added  to  the  chloroform  to  act  as  an 
internal  reference  to  facilitate  the  calculation  of  the 
chemical  shift  of  the  phenyl  groups  from  the  benzene  signal. 
Proton  magnetic  resonance  data  are  compiled  in  Table  7, 
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TABLE   3 
liTFRARED  SPSCTR-Uj  DATA,    Cm' 


-1' 


88%   [(C^H^)^Sb-:T-3bCC^H-)^]Cl   5050(:O  ,22C0(w)  ,1955(v-vv,b)  , 

+  Ld,o  LCCgF>5.3ob(,oi;j2-xi  1478(3), I^50(vs),l530(v0, 

ITuJol  15C0('/;)  ,  1255 (W-.-0  ,1180 (v;)  , 

1153(v;),1068(s),1020(n),99S(s), 
912(wisr)  ,870(s)  ,S5^(vs)  ,765(-.0  , 


[(C.H^),Sb-:T-3b(G.H.)-]ClpK 
o    y    y  o    z>    ^         '- 


O.SC^Hg 

iTu.j  ol 


Nujol 


(C3H5)33bCl2-ITCCH3)3 
Kel-F,   Nujol 


75^(vs),690(vs),650(v;),5l3(vim) , 
510(111)  ,455(s)  ,440(n,sh)  ,275(w) 

5050(v;)  ,2195(n)  ,1955(^1/-.',^) , 
lS75(v^A>;,b)  ,1810(vv^f,b)  ,1572(vO, 
1492(v;,  sh)  ,1478(s)  ,1452(v3)  , 

1550(^■7),1502(vO,12•S5(^^v^;-;), 
1182(v-),1153(w),10oS(s), 
1020(v0  ,993(n)  ,970(^-wO  ,910(^-r^)  , 
878(s,sli),8oO(vs),755(vs), 
592(vs)  , 560 (;v)  ,51 2 (aha-;)  ,  510(n) , 
460(s,sh),45^(s),^^2(ni) 

5125( VAT/O  J  5050(n) ,  50G0(v;) , 
1950(^r.;,b)  ,1380(w,b)  ,1810(v-v;)  , 
1555(v;)  ,1470(n)  ,1422( vs) , 
1550(wrf)  ,1500(w)  ,1250(w) , 
1185(v;)  ,1150(vO  ,1095(^r^'/) . 
1070(n)  ,1050(s,d)  ,1C18(-^A^) , 
996(s)  ,958(^rvA0  ,910(vv\-;) , 
850(v-A7,d),800(v/,b),729(vs,d), 
695(vs,d)  ,640(w)  ,511(^^A^^)  , 
i|-70(s),it-52(s),442(s) 

3050(m)  ,3000(in)  ,2950(m,b) , 
2665(3,b),25C0(s,b),1950(\-A^,b), 
lS85(vw,b),151C(w,b),1570(s), 
1475(s)  .1^50(s)  ,l4lC(w) , 
1578(w),1550(w),1502(v;), 
1250(v;)  ,12if0(-r,v,sh)  ,1130(n)  , 
1153(w)  ,10o2(n)  ,1029(21)  .992(vs) , 
915(v.O  ,S45(^-vw)  ,760(vs) , 
735(vs)  ,63S(vs)  ,512(w)  ,452(vs) , 
280 (m) 


^s,  strong;  n,  medium;  w,  v;eak;  sh,  shoulder; 
b,  broad;  d,  doublet;  v,  very. 
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Reaction  of   triphersyldicriloros-bibane  v/ith  liquid  asiraonia 

(C-H-)^SbCl2(3)   — ^^i^>  x[(G3H.)^Sb(Ci)]2l-TH 

Triphenyldichlorostibane,  '^.72  ipjaoles,  v;as  stirred  in 
excess  sodiiun-dried  liquid  siraonia  for  five  yours  at  -cO  to 
-70° C.   The  reaction  was  carried  cut  on  a  vacuiin  line  to 
insure  rigorous  exclusion  of  moisture.   The  excess  ammonia 
v;as  removed  from  the  flask  under  vacuum  and  the  sealed  flask 
was  transferred  to  a  dry  box.   Tiie  solid  v;as  treated  with 
about  five  milliliters  of  boiling  benzene  which  dissolved 
all  but  0.02  gram.   The  insoluble  material  did  not  melt 
under  320°C. ,  sublimed,  and  was  water  soluble.   This  solid 
was  assumed  to  be  ammonium  chloride.   Upon  cooling  to  room 
temperature  the  benzene  yielded  0.17  gram,  of  a  white  solid 
that  softened  slightly  at  220°C.  and  melted  at  270°G.  with 
decomposition. 

The  reaction  product  is  soluble  in  hot  benzene  and 
chloroform  and  readily  h3/drolyzes  with  evolution  of  ammonia 
v/hen  exposed  to  the  atmosphere.   The  infrared  spectrum  of 
the  product  is  shovm  in  Figure  50.   The  weak  peak  at  7o5  cm" 
is  attributed  to  the  Sb-1-TK-Sb  vibration  and  the  very  strong 
peak  at  85^  cm"  to  the  Sb-:J-3b  vibration.   The  analytical 
results  and  the  infrared  data  indicate  that  the  oroduct  is 
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a  mixture  of  88  per  cent  [(CgH^)-Sb-:T-Sb(CgH^)^'^]Cl~  aiid  12 
per  cent  [(C-H^) jSb(Cl)]2lTH. 

Anal.   Calcd.  for  the  above  mixture:   C,  56.89;  H, 
3.99;  ^,   1.8^;  CI,  5.22.  Pound:   C,  57.09;  H,  ^.02;  N, 
1.85;  CI,  5.23. 

The  benzene  solution  vras  evaporated  to  dryn.ess  leav- 
ing 1,5  grams  (5.5'^-  nmole)  of  unroacted  triphenj'-ldichloro- 
stibane  as  residue. 

If  the  above  reaction  is  allov;ed  to  proceed  for 
several  days  at  temperatures  between  -70°  an.d  -73°C. 
approximately  the  same  v;eight  of  product  is  obtained,   Hov;- 
ever,  the  ratio  of  the  components  of  the  mixture  changes  to 
75  uer  cent  L(C^H^)-,3b-:T--Sb(C^H£-)-,'^]Cl"'  and  25  Der  cent 
[(C^Ec-)-,Sb(Cl)]pI'TH,   The  infrared  spectrum,  which  is  shovm 
in  Figure  51 1  saov;s  an  increase  in  intensity  of  the  7&5  om~ 
peak  (Sb-Isl-I-Sb)  and  a  decrease  in  intensity  of  the  85^  cm" 
peak  (Sb— IT-Sb).   A  second  crop  of  crystals  obtained  from 
the  benzene  was  found  to  melt  at  221, 5-223. 5° C.   The  infra- 
red spectrum  of  this  material  v/as  identical  v/ith  that  of 
iminobis~(T;riphenylchlorostiba2ie)  and  a  mixed  melting  point 
determination  shov/ed  no  depression.   Regardless  of  reaction 
time,  a  large  mechanical  loss  accoun'cs  for  low  yields  of 
about  17  per  cent  based  on  antimony. 

Proton  magnetic  resonance  data  were  not  obtained. 
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Reaction  of  triTphenyldichlorostibane  v/ith  potassium  amide 

In  a  typical  vacuum  line  experiment,  0.55  S^^^   (1^ 
mmoles)  of  potassium  v;as  slov.-ly  added  to  sodium  dried  liquid 
ammonia  in  vmica  a  small  amount  of  iron(III)  cliloride  had 
been  dissolved.   The  formation  of  potassium  amide  was  assumed 
to  be  complete  v.-hen  the  color  of  the  solution  changed  from 
dark  blue  to  yellovj-green  and  gas  evolution  was  complete. 
After  the  non-condensible  gas  was  removed  from  the  system, 
triphenyldichlorostibane,  6.5  mmoles,  v;as  slovdy  added  from 
a  tipping  tube  with  vigorous  stirring.   The  color  of  the 
solution  gradually  faded  until  the  ammonia  was  colorless 
and  contained  an  insoluble  white  solid.   The  ammonia  was 
removed  by  vacuum  and  the  sealed  reaction  flask  v/as  trans- 
ferred to  a  dry  box. 

The  white  solid  was  extracted  v/ith  several  10  milli- 
liter por-jions  of  boiling  toluene.   The  toluene-insoluble 
material  was  dried  by  vacuum  and  found  to  weigh  0.5^^  gram. 
The  material  was  assumed  -co  be  potassium  chloride.   During 
the  ex-craction  process  the  toluene  became  colored  deep 
brown  and  upon  cooling  yielded  1.2  grams  of  a  tan  solid 
that  softened  slightly  at  210^0.  and  melted  at  255-250°G. 
vrith  decomposition.   The  oily  residue  obtained  upon  evapora- 
tion of  the  toluene  appeared  to  be  decomposition  products. 
Infrared  data  from  this  oil  did  not  shew  any  familiar  Sb-N 
absorptions  and  did  not  evolve  ammonia  when  exposed  to  the 
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atmosphere.   The  yield  o.f  [(CgH^),Sh~N-Sb(CgH^)^]Cl2K*0.8C  '-Ig 
was  ^0  per  cent  of  theory  bc.sed  on  triphenyldichlorostibane, 

[(C^Kc-)-,So-IT-SbCC^H-)2]GloK'0.8Cr7Ho  is  soluble  in 
chloroform  and  boiling  toluene  (v;ith  some  reaction)  and 
hydrolyzes  very  rapidly  v;hen  exposed  to  moistiire.   The 
infrared  spectrusi  of  the  compound  is  shov/n  in  Figure  52. 
The  peak  at  360  cm"  is  attributed  to  the  Sb-IT-Sb  linlcage. 

Anal.   Galea,  for  [(G.H-)-3b-:T-3b(C.Hc-)2]Gl^K'0.SCrnHo : 
C,  55.28;  H,  ^.05;  N,  1.55;  Gl ,  7.8^.   Found:   C,  55.18; 
H,  ^.06;  N,  1.85;  CI,  7.82. 

Figure  55  shov/s  "che  proton  magnetic  resonance 
spectrum  of  [(C-K^)-.Sb-:T-3b(G-H-)-,]GloK'0.8Gr;Ho.   The  Deak 
labelled  A  is  assigned  to  the  ortho  protons  of  the  phenyl 
group  and  peal:  A'  to  the  meta  and  para  protons.   The  phenyl 
protons  from  toluene  are  mixed  v;ith  peak  A' .   Peak  3  is 
assigned  to  the  methyl  protons  of  toluene.   The  ortho 
proton  pattern  is  shifted  -27.7  cps  from  the  benzene  signal 
whereas  the  tvro  tallest  peaks  of  the  meta  and  para  proton 
pattern  lie  symiTie  trie  ally  around  nhe  benzene  signal.   The 
area  ratio  of  peak  A  to  A'  is  approximately  2  to  5  after 
all  areas  corresponding  to  the  toluene  phenyl  protons  is 
subtracted  from  peak  A'.   The  toluene  could  not  be  removed 
from  the  compouiid  even  after  16  hours  under  high  vacuum  at 
5C°G. 
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y.^      C2  -T^roton  laasnetic  resonance   spectrum  of 
l(Cg^H^)3Sb:^N^Sb(C^H5)5]Cl2K-0.8C^H3. 
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The  reaction  was  repeated  using  a  1:1.5  inole  ratio 
of  triphenyldichlorostibane  to  potassium  ai.ide.   THe  product 
was  recrystallized  from  toluene  and  melted  around  250='C. 
The  solid  was  mixed  with  the  product  of  the  previous  experi- 
ment and  asain  recrys-uallized  from  toluene.   The  toluene 
discolored  and  some  decomposi-ion  was  evident.   The  re- 
crystallized  solid  softened  around  220°C.  and  melted  with 
decomposition  at  255-257^0.   The  infrared  spectrum  is  similar 
to  that  shovm  in  Zig'ore  52. 

The  analytical  results  suggest  a  compound  of  the 

r.^  -T  ^  -  -T  r_-..rp  TT  ^  __T'isbCC.^^),lo.27Cl'0.i^2K:Gl. 
type   (C.£c).3o-T4-DDCC3rl5)3— -^^DW^-.^jj 

However,  this  is  purely  speculative  and  is  not  confirmed  by 
molecular  weight  data. 

Anal.   Calcd.  for 
{(C,H,)3S-o=.f3-a(C,H.)5-N^S.(C3H5)3)o.27Cl-0..2KCl: 

t  ^  ^  ^     L  -"0.75 

C,  57.32;  H,  ^.02;  :T,  2.35;  So,  52.53;  01,  2.58;  K,  1.60. 

Found:   C,  56.83;  E,  ^^.0^;  N,  2.3^;  Sh ,  32.22;  CI,  2.56;  K, 

0.96. 

The  proton  magnetic  resonance  spectrum  is  similar  to 

that  sho\m  in  Figure  55. 

A  deficiency  of  potassium  amide,  less  than  a  1:1.5 
mole  ratio  of  triphenyldichlorostihane  to  potassi'am  amide, 
in  a  reaction  similar  to  that  mentioned  above  leads  to  an 
even  more  complex  mixture.   The  mixture  (A)  was  recrystallized 
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from  toluene  and  melted  at  26o-259°C.  with  decomposition. 
Infrared  data  show  the  presence  of  an  Sb— lIH-3b  linkage 
along  with  the  So-N-3b  linkage.   Elemental  analyses  give  a 
N:C1  ratio  of  1:1,56.   Antimony  analysis  was  not  performed. 
It  is  probable  that  zhe   mixture  contains  [(C,-Hi-)^Sb(Cl)]5liEi 
and  a  compound  similar  to 


(C.H.)3Sb=N- 


•3b(c^H.)3~.rT: 


Sb(G^Hc) jxCl'zZCl.   Pure  imino- 
o  i?  3 


1-x 

bis-Ctriphenylchloros-cibane)  vias   isolated  from  the  toluene 
as  a  second  crop. 

Mixture  (A)  v;as  stored  for  about  four  months  in  a 
dry  atmosphere  at  about  50*^C.   The  infrared  spectra  of  both 
the  freshly  prepared  and  the  stored  samples  v;ere  similar, 
but  the  melting  points  v;ere  quite  different.   The  freshly 
prepared  compound  melted  at  266-2&9°G.  and  the  stored  sample 
melted  at  15^-159°C.   The  elemental  analysis  of  the  stored 
sample  showed  an  Sb:N:Cl  ratio  of  1,59:1.00:0.61.   The 
composition  apparently  changed  with  time. 

The  reaction  of  triphenyldichlorostibane  with  potas- 
siuic  amide  in  liquid  am'ionia  v;as  repeated.   The  stibane 
(^.72  mmoles)  v:as  slurried  v;ith  liquid  ammonia  and  powdered 
potassium  amide  (7.15  irmioles)  was  slov^ly  added  from  a 
tipping  tube  with  vigorous  stirring.   The  temperature  of  the 
reaction  vessel  was  maintained  betv^een  -50  and  -oO°G,      The 
contents  of  the  flask  were  stirred  for  about  two  hours  at 
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this  temperature  and  then  the  excess  annonia  was  removed  by 
vacuum.   Prolonged  high  vacuuia  treatment  was  required  Tor 
complete  removal  of  ammonia. 

In  an  inert  atmosphere  the  white  solid  was  treated 
with  5  milliliters  oi  toluene.   It  appeared  that  some  of 
the  solid  dissolved,  hut  upon  application  of  heat  precipita- 
tion occurred  with  rhe  formation  of  a  solid  cake  in  the 
flask,   r.ore  toluene  was  added  and  the  solid  was  extracted 
with  the  boiling  solvent.   Several  more  extractions  were 
required  to  remove  all  soluble  material  from  the  insoluble 
solid  which  v;as  assumed  to  be  potassium  chloride. 

Evaporation  of  the  discolored  toluene  yielded  1.^^ 
grams  of  a  tan  solid  (I)  that  melted  in  the  250-270°C. 
range.   The  infrared  spectrum  of  (I)  shov;s  bands  at  8G0, 
765  and  510  cm"-'',  thereby  indicating  the  presence  of 
Sb-J-Sb  and  3b-!rH-Sb  linkages,  llo   yield  data  were  recorded 
since  ohe  purpose  of  the  experiment  was  to  separate  and 
identify  as  many  of  the  reaction  products  as  possible. 

A  second  recrystallization  of  a  sm^dl  portion  of  (I) 
from  toluene  yielded  a  tan  solid  v/hich  softened  at  17^°G. 
and  melted  at  255-258*0.  with  decomposition.   The  infrared 
spectrum  of  the  twice  recrystallised  material  is  the  same 
as  that  shovm  in  Figure  52.   The  Sb-ITH-Sb  absorption  at 
755  cm"-^  does  not  show  and  it  is  presumed  that  all  iminobis- 
(triphenylchlorostibejie)  has  been  removed  by  fractional 
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crjstallizauion.   Analytical  results  are  consisteat  v;ith  a 
compound  of  the  type 


(C3H5)3Sb=lT- 


Sb(G.E-)^--:T==Sb(C-H.) 


6"?'3 


b-  5'3J 

1.5 


■C.5C1. 


Anal,   Calcd.  for  the  above  compound:   C,  53.72;  H, 
i^,ll;  N,  2.72;  Sb,  50.07;  Gl ,  1.53.   Pound:   G,  58.00;  H, 
^.06;  IT,  2.69;  3b,  32.75;  01,  2.5^. 

The  remainder  of  product  (I)  was  treated  with  excess 
potassium  amide  in  liquid  ammonia  at  -50  to  -60°C.  for  tv:o 
hours.   The  infrared  spectrum  of  the  crude  product  shov;s  a 
v;eaic  band  at  860  cm"  ,  a  medium  intensity  doublet  at  660 
and  6'4-5  cm"  ,  and  a  strong  band  at  ^78  cm"  .   The  latter 
tv;o  bands  aire  unfamiliar,  but  might  well  result  from  the 
Sb-ITH  absorption  of  triphenylstibine  imine.   Triphenyl- 
stibine  imine  is  a  knov,-n  compound,  but  no  reliable  infrared 
data  are  available.   The  crude  solid  decomposed  sharply  at 
l'^8°C. 

About  one  half  of  the  crude  solid  v;as  recrystallized 
from  boilirg  toluene.   The  material  melted  at  255-259°G. 
with  decomposition  and  is  assumed  to  be  a  product  similar 
to  that  obtained  in  previous  experiments.   The  infrcLred 
spectrum  is  consistent  with  that  shown  in  Figure  52.   The 
toluene  residue  v;as  a  sticky  tan  solid.   The  infrared 
spectrum  of  this  sticky  solid  shows  a  medium,  band  at  860 
cm"  sind  a  medium  doublet  at  660  and  630  cm"  .   The  above 
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bands  are  of  nediiim  intensity  with  respect  to  the  phenyl 
ahsoirptions  in  the  700  cia~  region  and  it  therefore  appears 
that  decomposition  or  further  reaction  occurred  during  the 
recrystallization. 

The  remaining  half  of  the  crude  reaction  product  was 
purified  by  precipitation  from  anhydrous  chloroform  at  room 
temperature.   The  chloroform  became  dark  bro^-m.  in  color 
during  the  dissolution  process  even  though  no  heat  v:as 
applied.   Precipitation  v;as  induced  by  adding  a  large  voliime 
of  petroleum  ether  and  cillovring  the  solution  to  stand  for 
several  ho^irs.   The  resulting  tan  solid  melted  at  255-257°G. 
with  decomposition.   The  solid  did  not  shov;  any  signs  of  de- 
composition until  about  10  degrees  under  the  melting  point. 
The  infrared  spectrum  of  this  sample  shov/s  peadrs  at  850  and 
510  cm""  similar  to  previous  reaction  products.   The 
analytical  results  correspond  closely  v;ith  a  compound  of  the 

tjve        (G.K^)^Sb=N— Sb(C.H^)-,— IT   Sb(C.H-)^  0.  55C1'0.22KG1. 

0.^5 

Anal.   Calcd.  for  the  above  molecule:   C,  $7. '^8;  H, 
A-.Ol;  N,  2.21;  Sb,  32.^0;  CI,  2.96;  K,  0.9^.   Found:   C, 
57.93;  H,  ^.06;  N,  2.22;  Sb,  52.72;  01,  1.66;  K,  1.57. 

Proton  magnetic  resonance  da::,a  v/ere  not  obtained. 

An  additional  reaction  v;as  performed  with  a  potassium 
amide-triphenyldichlorostibane  nole  ratio  of  2:1,  a  large 
volume  of  liquid  ammonia,  and  the  reaction  time  extended  to 
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three  days.   The  temperature  v/as  always  maintained  between 
-50  and  -78° C. 

An  infrared  spectrum  of  the  crude  reaction  product, 
shown  in  Figure  5^i  shows  the  characteristic  peaks  of  the 
phenyl  groups  along  with  an  N-H  stretching  vibration  at 
5360  cm"   (weak),  a  strong  doublet  at  650  and  6-4-5  cm"  , 
and  a  strong  peak  at  A-yS  cm"  ,   The  latter  two  bands  are 
postulated  to  result  from  the  3b-IIH  lin.kage  of  triphenyl- 
stibine  inine.   The  infrared  spectrum  of  triphenylstibine 
oxide  has  absorptions  occurring  at  660  cm"  ,  strong  and 
broad,  and  '4-^5  cm  " ,  strong,  v;hich  probably  result  from  the 
Sb-0  as;>'mmetrical  and  symmetrical  stretching  vibrations. 
It  is  reasonable  to  assume  that  the  Sb-IHi  absorptions  will 
occur  very  close  to  the  Sb-0  absorptions. 

Recrystallization  of  the  crude  product  from  a  chloro- 
form-petroleum ether  mixture  apparently  causes  a  reaction 
to  occur  as  the  tan  solid  obtained  from  the  solvent  melted 
at  255-257°C.  and  the  infrared  spectrum  differed  from  that 
of  the  crude  product.   Strong  bands  occurred  at  360  and 
510  cm"-"-,  -.fhile  the  peaks  at  35&0,  660,  64-5,  and  ^■7S   cm"-"- 
disappeared. 

No  analytical  data  were  obtained  and  the  proton 
magnetic  resonance  socctr'om  was  not  recorded. 
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Reaction  of  teoraohenjlbroaiostibane  with  potassium  amide  in 

Tetraphenylbromootibane  was  reacted  with  potassium 
amide  in  liquid  ammonia.   The  reaction  appears  to  be  quite 
complicated  and  the  results  are  incomplete.   The  reaction 
was  carried  out  twice  utilizing  different  reaction  conditions 
in  each  case.   These  reactions  are  briefly  outlined  belov; 
and  the  preliminsxy  results  are  stated. 

The  first  reaction  v;as  carried  out  by  slov/ly  adding 
powdered  tetraphenylbromostibane  to  a  liquid  ammonia  solu- 
tion of  potassium  amide  v/ith  vigorous  stirring.   The  gray 
solid  obtained  from  -che  reaction  was  treated  with  boiling 
toluene  in  an  inert  atmosphere.   This  appeared  to  cause 
decomposition  as  the  toluene  darkened  and  a  black  solid 
v;as  left  as  residue  after  the  toluene  v;as  evaporated  to 
dryness. 

A  white  material  v;as  extracted  from  the  black  residue 
with  petroleum  ether  and  after  recrystallization  from  alcohol 
melted  at  165-167'^C,   The  compoun.d.  is  identified  as  ponta- 
phenylstibane  and  the  infrared  spectrum  is  shov.m  in  Figure 
55.   The  yield  of  pentaphenylstibane  was  about  10  per  cent 
based  on  antimony. 

Anal.   Calcd.  for  (Cg,H^)^Sb:   G,  71.03;  H,  ^.97;  3b, 
2^.00.  Found:   C,  70.39;  H,  5.12;  Sb,  2^.57. 
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The  proton  magnetic  resonance  spectrun  of  penta- 
plienylstibane  is  sho'-m  in  Figure  56.   The  spectrum  shows  one 
complex  signal  vmich  results  from  the  protons  on  the  phenyl 
groups.   The  chemical  shift  values  for  the  ortho,  Eiei;a»  and 
para  protons  are  similaa?  and  the  overall  peak  is  situated 
symmetrically  around  the  benzene  signal. 

The  total  reaction  product,  minus  the  extracted  penta- 
phenylstibane,  was  analyzed  by  thin  layer  chromatography  and 
found  to  be  a  mixture  containing  at  least  six  components  of 
v;hich  one  was  pentapheDyls-cibane.   Colu"ui  chromatography 
afforded  the  separation  of  a  component  that  melted  at  5^~ 
55°C,  and  v;as  identified  as  triphenylstibine.   The  infrared 
spectrum  of  this  product  vras  consistent  with  that  of  the 
authentic  compound  and  a  mixed  melting  point  determination 
showed  no  depression.   The  yield  of  triphenylstibine  was  not 
obtained  and  no  other  components  v/ere  identified. 

The  second  reaction  v;as  carried  out  by  adding  freshly 
prepared  potassium  amide  to  a  liquid  ammonia  slurry  of 
tetraphenylbromostibane.  The  solid  obtained  from  the  re- 
action v:as  treated  with  low  boiling  petroleum  ether.  The 
petroleum  ether  v;as  evaporated  to  dryness  leaving  a  solid 
residue  that  melted  at  167-1S9°C.  after  recrystallization 
from  alcohol.  The  compound  is  identified  as  pentaphenyl- 
stj.bane  and  V3.s   obtained  in  10  to  15  per  cent  yield. 
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The  petroleum  ether  insoluble  material  was  exposed 
to  the  atmosphere  and  ammonia  evolution  v;as  evident.   The 
solid  V7as  separated  from  potassium  bromide  with  carbon 
tetrachloride,   Triphenylstibine  oxide  hydrate  was  obtained 
from  the  carbon  tetrachloride  residue  in  about  10  to  15  per 
cent  yield.   The  oxide  melted  at  211-214°C.  and  the  infra- 
red spectrum  was  consistent  with  that  from  an  authentic 
sample.   No  other  products  v;ere  identified. 

Reaction  of  triphenyldichlorostibane  vxith  trime thy 1 amine 

Gaseous  trimethylcjnine,  0.17  mole,  was  passed  directly 
through  a  benzene  (75  ml)  solution  of  triphenyldichloro- 
stib.ane,  4-  mmoles,  for  one  hour.   Heat  was  evolved  and 
precipitation  of  a  solid  occurred  after  about  forty-five 
minutes. 

The  sealed  reaction  flask  was  placed  in  a  dry  glove 
bag  and  allowed  to  stand  for  two  days  after  which  the  solid 
was  filtered  free  of  solvent.   The  solid  was  v;ashed  several 
tim.e3  with  fresh  arxhydrous  benzene  and  dried  oj   vacuum  for 
four  hours.   The  solid  weighed  1.0  gr.aia  and  melted  at  l-^i-l- 
14-7°G.  v;ith  bubbling. 

The  hygroscopic  reaction  product  is  soluble  in 
chloroform  and  insoluble  in  benzene.   The  yield  of  the 
adduct  v;as  A-7  per  cent  of  theory  based  on  the  above  equation. 
The  infrared  spectrum  of  (C^^H^- )5SbCl2'N(CH^)^  is  shovrn  in 
Figure  57. 
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A^ial.  Galea,  for  (C  H  )  SbGl  i;(C.[I  )  :  G,  5^.21; 
H,  5.01;  IT,  2/30;  Sb,  25.20;  Gl ,  l'i-.58..  Poimd:  G,  5?.  17; 
H,  5.20;  IT,  5.00;  Sb,  25.58;  CI,  1^'-.G5. 

■Tlie  proton  magnetic  resonance  spectrum  of  the  tri- 
phenyldiclilorostibano-trinothylanine  adduct  is  shovrn  in 
Figure  5S.   The  peeJcs  labelled  A  e:ad  B  result  from  the 
phenyl  protons  .and  probably  represents  tv.'o  kinds  of  phC'iyl 
groups.   The  peaJc  labelled  G  results  frori  the  methyl 
protons  of  the  triinethyla.mine  moiety,   The  area  ratio  is 
v/ithin  experimental  error  of.  the  exT)ected  1:1,7  :oatio. 

Disc us si on 

The  main  purpose  of  this  work  uas  to  study  the  low- 
temperature  ammonolysis  of  some  halostibanes  vfith  the 
ultj.mato  objective  of  obtaining  some  nev;  and  interesting 
Sb-IT  compounds.   During  the  course  of  this  v/ork  Appel  and 
co-v;orke.rs  (10)  released  a  technical  report  describing  the 
ammonolysis  of  compounds  of  the  type  (G^Ht-);,SbX2  (X  =-■  Gl 
and  3r)  vn.th  liquid  ammonia  solutions  of  sodium  and  potas- 
sium amide.   The  reactions  ;;cre  carried  out  in  a  glass  bomb 
and  heat  vras  applied,   Triphenylstibine  imine  v/as  obtained 
in  excellent  yields  and  it  v;as  also  found  that  this  imine 
could  bo  condensed  to  give  (G,-Hp)^,Sb=lT-Sb(G^  .-):.-'i'f-3b(GgH,:.), 
by  the  simple  adjustment  of  reaction  conditions. 
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The  results  obtained  from  this  lov;  temperature  v;ork 
clearly  shov/  that  less  vigorous  reaction  conditions  lead  to 
compounds  that  are  intermediate  in  nature.   The  data  ob- 
tained suggest  a  reaction  that  can  best  be  represented  by 
the  following  equation: 

(5-x)(C^E.).SbCl2  +  C6-$x)lTH2"  +  (6-3x)K-'-  2iiJ___> 

3b(C^H-)3— N=|=3b(C^rI^)^}xCl  zZCl  +  (5-3x-z)ZCl 
1-x  "^ 

The  products  from  the  various  reactions  give  the 
same  melting  point  of  255-257°C.  and  identical  infrared 
spectra,  yet  the  elemental  analyses  are  not  alike  for  any 
tv;o  products.   At  this  time  molecular  weight  data  are  not 
available  because  of  the  extreme  sensitivity  of  the  product 
tovrards  moisture  and  limited  solubility  in  the  more  common 
solvents  used  for  molecular  weight  de-cerminations.   Not 
only  does  the  elemental  composition  appear  to  change  \vith 
time,  but  also,  it  appears  to  change  during  the  purification 
process.   The  heat  involved  in  recrystallization  from 
toluene  probably  causes  fxirther  reactio?!  to  occur;  however 
no  heat  is  ajjplied  v/hen  chloroform  is  used  and  a  similar 
change  takes  pla.ce.   Attempts  to  purify  the  crude  reaction 
product  always  lead  to  a  material  that  absorbs  at  860  and 
510  cm"  in  the  infrared  spectrum. 
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Reactions  that  might  occur  when  triphenyldichloro- 
stibane  is  mixed  with  liquid  ammonia  at  low  temperature  are 
represented  by  the  equations  shovm  below: 

I   (Cg^H^)~SbCl2  +  2rr£j-*  CC^H^)^3b(i;n2)Cl  +  FH^^  +  CI 

II  (ic^ii^^)^sHm^)oi   +  iH3->  (CgH5)-Sb=:TH  (a)  +  m^-"  +  ci" 
III  (CgH^)3Sb=ir£  +  (c.H^)  330(1^2^^^"* 

[(CgK^)3Sb-:T-3b(C3H3)3]Cl  (3)  +  m^ 
IV  2(G.H3)33b(iTKp)Cl  -»  [  (C^K3)3SbCCi)  ]2^7-  (C)  +  ITH3 
V   C(GgH.)3Sb--N-3bCC.H3)3]Cl  +  irH^''  +  Cl" -* 

[(C-H-)3Sb(Cl)]2NK  +  ITH3 

VI   CCGgH3)3Sb(Gl)]2!:ra  +  iTH^^  +  Gl"  _> 

CG^H3)33bGi2  -H  (G^H3)33b(r^r:2'^^^  ^  ^^3 
VII  (c^H3)3Sb=:.ii  +  (G.H3)3SbGi2 ->  [(GgH3)33b(ci)j2:NH 

The  fact  that  reaction  occurs  only  to  a  slight  extent 
probably  is  a  result  of  increasing  ammonium  ion  concemsra- 
tion.   The  acidic  ammonium  ion  readily  attacks  the  basic 
nitrogen  attached  t;o  the  antimony  atom  thereby  reversing 
equations  I  and  II  and  possibly  causing  VI  to  occur.   Only 
products  (B)  and  (G)  have  been  isolated;  therefore,  the  tri- 
phenylstibine  imine  from  reaction  II,  if  it  is  ever  present, 
must  be  entirely  used  up  in  reactions  such  as  III  or  VII. 
The  compounds  obtained  from  this  low  temperature  ammonolysis 
are  consistent  with  the  low  temperature  ammonolysis  of 


triphenyldichloroaz'sane  in  which  [(CgH^)^AsITHpjCl  and 

rCC^E^U\S"'I-As(G^H-)^jCl  are  obtained  (5).   Amionolysis  in 
5  :?^3'       o  ;?  p 

chloroform  at  room  temperature  yields  only  the  second 
product  shovm  above.   Triphenyldichlorostibane  dissolved  in 
benzene  does  not  react  v;ith  gaseous  ammonia  at  room  tempera- 
ture or  slightly  above. 

The  equilibria  shov.Ti  above  should  be  greatly  effected 
by  the  introduc;:ion  of  a  strong  base  such  as  amide  ion.   The 
initial  reaction  is  postulated  to  occur  betv^een  amide  ion 
and  ammoniuja  ion,  but  must  also  involve  other  species  since 
data  indicate  that  iminobis-Ctriphenj-lchlorcstibane)  is 
removed  from  the  reaction  mixture  by  treatment  with  excess 
potassium  amide.   The  reaction  might  be  represented  by  the 
follov.'ing  equation: 

[(G.H^).Sb(Cl)]2-^-  +  mf   +  k""- 

[(G^H^)5Sb-}T-3b(CgH^)3-jCl-KCl  +  rlH^ 
It  has  been  shov.ni  that  iminobis-Ctriphenylchlorostibane) 
does  not  react  with  liquid  ammonia  to  any  noticeable  degree 
and,  in  fact,  appears  oo  be  rather  unreactive  except  v:hen  a 
strong  base  such  as  amide  ion  is  used. 

At  TDresent,  the  most  useful  tool  in  analyzing  the 
aiiXEcnolysis  products  is  infrared  spectroscopy,  and  its 
function  is  entirely  limited  to  the  detection  of  Sb-ITH-Sb 
and  3b-I7-3b  linkages  and  possibly  the  Sb-im  bond  for 
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triphenylsribine  inine.   The  presence  of  ii!iinobis-(tri- 
phenylchlorosoibaTie)  is  readily  detected  by  a  band  at  7o5 
cm"  which  results  from  the  3b-NH-Sb  stretching  vibration. 
A  band  at  850  en"  is  tentatively  assigned  to  the  Sb-N-Sb 
stretching  vibration.   This  band  is  observed  in  all  the 
ajninonolysis  products.   An  absorption  occurring  at  510  cm" 
appears  to  be  associated  v;ith  the  860  cm"  band.   It  is 
probable  that  the  higher  energy  band  results  from  the  sym- 
metrical s"cretching  vibration  and  the  lov;er  energy  band 
from  the  symmetrical  stretching  vibration.   The  3b-NH 
stretching  vibration  from  triphenylstibine  imine  is  expected 
to  occui>  close  to  650  cm"  since  this  is  the  region  in  which 
triphenylstibine  oxide  shows  a  strong  absorption.   The  oxide 
and  imine  should  be  sim.ilar  in  structure  and,  therefore, 
give  almost  identical  infrared  spectra  v;ith  the  exception 
of  the  IT-H  stretching  vibration.   Ammonolysis  products  have 
been  obtained  on  several  occasions  v/hich  show  absorptions  at 
660  cLnd  6^5  cm"  .   However,  these  bands  always  disappear 
during  the  purification  process  and  as  a  result,  no 
an.alytical  resuli;s  have  been  obtained  for  products  contain- 
ing these  bonds. 

Proton  magnetic  resonance  data  are  so  complicated 
that  no  useful  conclusions  may  be  drav.Ti  from.  them. 

Pentaphenylstibane  is  probably  produced  from  the  re- 
action of  tetraphenylbromostibane  with  potassium  amide  by 
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disproportionation  of  the  original  product,  tetraphenyl- 
aminostibane.   The  reaction  is  postulated  to  proceed 
according  to  the  following  equation, 

^  b  :?  4-    d  o|p7      o:?p        ^ 

Triphenyldichlorostibane  readily  reacts  with  tri- 
methylajnine  to  form  a  1:1  adduct.   This  reaction  clearly 
shows  that  the  dichlorostihane  is  capable  of  functioning 
as  a  Lev;is  acid  and  indicates  that  the  first  step  in  the 
ammonolysis  reaction  is  probably  the  formation  of  a  1:1 
adduct  v;hich  readily  splits  out  hydrogen  chloride  or 
potassium  chloride.   The  infrared  spectrum  shov;s  all  the 
characteristic  peaks  of  triphenyldichlorostibane  and  addi- 
tional peaks  at  3005,  2950,  2620,  2^90,  1^10,  and  760  cm"-^. 
The  first  tv;o  peaks  must  result  from  C-H  vibrations  of  the 
methyl  groups  of  the  amine  and  the  1410  cm"  peak  might  be 
attributed  to  a  C-H  deformation  mode.   The  2620  and  2^90 
cm   bands  are  not  assigned  and  the  760  cm"  "  peak  is  assigned 
to  the  Sb-N  stretching  vibration. 
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Experiraental 

Manipulation  of  materials 

Tetraphenylbronostibane  was  purchased  from  Alfa 
Inorganics,  Inc.  and  used  as  received.   The  material 
melted  at  210-215°C.   Solvents  used  for  purification  were 
of  analytical  reagent  grade  and  v;ere  not  dried. 

Analytical  methods 

Elementary  analyses  v:erc  carried  out  by  Schv/arzkopi 
Microanalytical  Laboratory,  Uoodside,  New  York. 

Kelting  points  v:ere  obtained  using  open  capillaries 
on  a  Thonas-Hoover  capillary  melting  point  apparatus  and 
are  uncorrected. 

Infrared  spectra  were  obtained  on  a  Beckmann  Model 
IR  10  infrared  spectrophotometer  using  cesiiun  iodide 
optics.   Solid  state  spectra  were  obtained  using  Nu^ol  or 
Kel-F  mulls.   Infrared  spectral  absorptions  axe   listed  in 
Table  ^. 

Proton  magnetic  resonance  spectra  v/ere  obtained  on 
a  Varian  nuclear  magnetic  resonance  analycical  spectrometer 
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TABLE  ^ 
INIRA3ED  SPECTRAL  DATA,    Cm  ^ 


ilujol 


(C^H.).SbOH  3505(v;),3320(n,b),5050(n),1960(v-/'.v-,b), 

°  <  7"  18S0(vAn,^,b),1815(^^wr,b),1570(w), 

^^^°-^  1^75(ni),lA-50(s),1553(v;0,l$05(vO, 

1250(v-.-0  ,llS5(w)  ,1153(w)  ,lC75(w,sh)  , 

1070(m,sh)  ,106G(s)  ,1020(n)  ,993(iii)  , 

910(\^-0,850(v-</vO,798Cv;,b),755(vs), 

&95(vs),66O(v0,6^8(v;),613(viA'O, 

529(ni),^70(m,sh),^55(s,sb),iJ-^2(vs), 

275Cvr,b),250(w) 

CCC.H.-);,Sb]^0  3055(w),3030(w),3000(v^,O,19^0(^^■^^o)^ 

°.^.^        "^  1875(v^Af,b),18CO(w;T,b),15oS(vO, 

^^-^ol  14-70(ni), 1^2Srs), 1^20(1:1), 1325(^An.-;), 

129S(\r^.;)  ,1232(vv\0  ,1173(v^av  .d)  , 
1150(vv^-0,1053(v;,sh),1051(in), 1035(a), 
1017  (  vO,  992  (m),  950  (v-/vO,  907  (v\m), 
8^5(w;0  ,755(v3)  ,723(v3)  ,890(vs) , 
650(s),5^0(in),^60(s),^52Cn,s>i), 
^^2(Ei),330(v;),2o0(v;,b) 

(C.H-),,SbO:TOo  30^^0(vO  ,1970(^^-'.v',b)  ,18S2(v^r.':,b)  , 

?,?  ;     ,.  .2  1813(^m-;,b),1713C^^^.v,b),1630(^-^,b) 

Kel--^,   ..ujol  l563Cvw),1^75(=i),1^2B(vs),1330(v-v'-vO, 

1290(vs,b)  ,1170(w)  ,1133('A-0 , 
10G3(in),101S(n),313(-v;),7^0(3,sh), 
732(vs^-6S8(vs),609(vv\>r),^60(!ii,sii), 

^^■5(in),992(n) 


(C.H.).SbBr  3050(iu,d) ,5000(w) ,1570(n) ,1^70(s) , 

?,^.^  l^tjcCs    ,1330(vO,1300(vO,1250Cv.;; 

''"^'^^  1195(w;sn),llSO(v;),1155(v.0,lO85ks), 

1030(Ei)  ,1019(v:)  ,992(s)  ,910(w) , 
8ii-0(w)  ,74-5(vs)  ,73C(vs)  ,690Cvs) , 
655(v^.-0  ,610(vw)  ,aS0(s) ,  V;8(s) , 
2S0(v7,b) 
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TaMe  ^   (cont'd) 

Nujol 


lS75(vv-vr,b)  ,lS15(w,b)  ,1570(w) , 
1^75(3)  ,1^52(s)  ,1^20(ei)  ,1330(w)  , 
1302(w),1260(^A-;,l)),1170C'^O, 
1150(v;v)  ,1052(m)  ,1028(v0  ,1018(w)  , 
992(11), 973(vvO,910(wv;),85S(ww,sh), 
8^0(v;)  ,730(vs)  ,7C2(vs)  ,685(s)  , 
620(-\r/0  ,blO(ni)  ,^90(vv\-4^63(vv>/)  , 
^52(w),^39Cw),275(vw/o) 


^s,    strong;   m,   raediinn;   w,    weak;    sh, 
b,   broad;    d,    doublet;    v,    very. 


shoulder; 
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Model  A60-A.   All  spectra  v;ere  obt;ained  in  deutero-chloro- 
form  using  tetranethjlsilane  as  an  internal  reference, 
except  the  spectrun  of  tetraphenylsuiboniun  tetraphenyl- 
borate  vrhich  was  obtained  in  dimethyl  sulfoxide.   In  some 
cases  benzene  v;as  also  used  as  an  internal  reference  to 
facilitate  the  calculation  of  the  cheraical  shift  of  the 
phenyl  protons  from  the  benzene  signal. 

Preparation  of  various  compounds,  (C^Ht-)^SbX 

The  literature  describes  the  preparation  of  a  variety 

of  compounds  of  the  type  (C^H^)^SbX  (4-5, '^o, ^7) ,  v;here  X 

stands  for  3r,  CI,  I,  OH,  ONOp,  BiC^d^)~,    etc.   In  all 

cases,  the  compounds  viere   nejned  as  te'craphenylstibonium 

salts  indicating  that  each  v/as  composed  of  the  tetraphenyl- 

stibonium  cation  and  the  X  anion.   Since  all  data  indicate 

that  the  Sb-X  bonds  in  coaoounds  of  the  zj-oe    (C-H-)-,SbXo 

-  o    y    ^         d. 

and  R;,SbXp  are  partially  covalent,  it  seeas  highly  unlikely 
that  these  tetraphenyl  coiapounds  are  truly  ionic  in  nature. 
The  only  evidence  put  forv;ard  to  verify  the  salt  structure 
was  the  fact  that  they  undergo  various  netathesis  reactions 
and  some  are  vrater  soluble,   V/e  have  prepaa'^ed  a  fev;  of 
these  compounds  in  order  to  study  their  infrared  and  proton 
magnetic  resonance  specrra  in  hopes  of  finding  some  evidence 
for  the  partial  covalency  of  the  3b-X  bond.   In  most  cases, 
no  yield  data  v/ere  recorded. 
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Tetraphenylhydroxostibane 

(C^H^)^Sb3r  +  OH"  -,  (CgE^)^SbOH  +  Br" 

An  aqueous  solution  of  tetrapiienylbronostibane  v/as 
treated  v;ith  concentrated  aqueous  ammonia,  icmediately 
producing  a  v/hite  precipitate.   The  solid  was  filtered  and 
washed  until  it  was  bromide  free.   No  melting  point  is 
given  as  tbe  material  condenses  with  evolution  of  water  at 

110°C.  (^7). 

Tetraphenylhydroxostibane  is  soluble  in  chloroform 
and  relatively  insoluble  in  water.   Figujre  59  shows  the 
infrared  spectrum.   The  infrared  spectrum  of  tetraphenyl- 
brouostibane  is  shov;n  in  Figure  60  for  comparison. 

Anal.   Calcd,  for  (G^K-)^SbOH:   C,  6^^.^6;  H,  ^.75; 
Sb,  27.25.   Found:   C,  64.^5;  H,  ^.80;  Sb ,  27.50. 

Figure  61  shows  the  proton  magnetic  resonance 
spectrum  of  tetraphenylhydroxos-oibane.   The  peaks  labelled 
A  and  A'  are  assigned  to  the  ortho  and  to  the  met a  and  para 
protons  of  the  phenyl  groups,  respectively.   The  area  ratios 
betv/een  peaks  A  and  A'  could  not  be  accurately  measured 
because  of  the  relative  overlap  of  the  signals.   The  peak 
labelled  3,  vrhich  occurs  at  9.^2  T,  is  assigned  to  the 
proton  attached  to  the  oxygen  atom.   The  area  ratio  between 
the  phenyl  peaks  and  the  hydroxo  pea.k  is  20  to  0.7^1-  as 
compared  to  an  expected  20  to  1.   The  ortho  proton  pattern 
is  shifted  -25.7  cps  from  the  benzene  signal  and  the  meta 
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Fig.  61. -Pro ton  magneoic  resonance  spectrum  of  (C^K^)^SbOH, 
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and  para  proton  pattern  is  not  significantly  changed  from 
benzene.   For  comparison,  the  proton  magnetic  resonance 
spectr^om  of  tetraphenylbromostihane  is  shovm  in  Figure  62. 

Oxybis-^tetraphenylstibane) 

2(CgH_)^SbOH  -^   L(Cg^H^)^3bj20  +  ^^^^ 
A  small  sample  of  tetraphenj-lhydroxostibane  was 
heated  to  110°C.  under  full  vacuum  for  several  hours.   The 
sealed  reaction  flask  was  transferred  to  a  dry  box  to 
insure  that  the  compound  would  not  be  e:cposed  to  moisture. 
Oxybis-(Letraphenylstib.ane)  melted  at  200-20^°C. 

The  infrared  spectrum  of  o>:ybis-(tet;raphenylstibane) 
is  shovm  in  Figure  65.   The  peak  at  656  cm"  is  assigned  to 
the  Sb--0-Sb  asymmetrical  stretching  vibration  and  is  indica- 
tive of  a  covalent  antimony- oxygen  bond.   The  medium  peak 
at  350  cm"'''  might  result  from  the  symmetrical  Sb-O-Sb 
vibration. 

Anal.   Calcd.  for  1{Q ^^c,) i:^^'o'S 2^ '      ^'  ^'^'^^'^   ^'  '^•^°' 
Sb,  27.79.   Found:   G,  &5.59;  H,  ^.76;  Sb,  27.67. 

Proton  magnetic  resonance  data  were  not  obtained. 

TetraT)henylnitratostibane 

(CgH^)^Sb3r  -H  2:03-  -r  J^^-*-  ->   (C^H^)^3bON02(^^j  +  Ag3r 

A  water  solution  of  tetraphenylbromostibane  was 
treated  with  aqueous  silver  nitrate.  The  solution  was 
filtered  free  of  silver  bromide  and  then  was  evaporated  by 
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Fi^.  62. -Proton  magnetic  resonance  spectrum  of  CC^H^)^Sb3r< 
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vacuum  xintil  a  white  solid  crystallized.   Tlie  solid  was 
dried  by  vacuum  and  melted  at  132-183°C. 

Tetraph.enylnitratostibane  is  soluble  in  large  quanti- 
ties of  water,  but  can  be  recrystallized  from  small 
quantities,   Tbe  compound  is  also  soluble  in  chloroform. 
The  infrared  spectrum  is  shown  in  Figure  6^,   The  covalent 
nitrato  peaks,  v^  and  v,  ,  are  observed  at  1^50  cm"  and 
1291  cm"  ,  respectively.   The  v^  -  v,  splitting  is  159  cm" 
v;hich  indicates  that  the  antimony-nitrato  linkage  is  some- 
v;hat  covalent  in  nature.   The  chai'acteristic  Vp  mode  is  not 
seen,  but  is  suspected  of  being  overlapped  by  the  phenyl 
absorption  at  1018  cm"  ,   This  phenyl  peak  is  normally  very 
sharp  and  of  considerable  less  intensity  than  the  phenyl 
peak  at  992  cm"',  however,  in  this  compound  the  1018  cm*" 
band  is  not  sharp  and  is  of  almost  equal  intensity  as  the 
992  cm"  band.   The  v-,,  v^-  and  v^  modes  are  either  not 
present  or  are  overlapped  by  other  absorptions. 

Anal.   Calcd.  for  (CgK)^Sb 01102:   C,  58.57;  H,  4.10; 
N,  2.85;  Sb,  24. 7^.   Found:   C,  58.3^;  H,  4.14;  M,  2.87; 
Sb,  24.95. 

Figure  55  shows  the  proton  magnetic  resonance 
spectrum  of  tetraphenylnitratostibane.   The  rather  complex 
peak  is  assigned  no  the  phenyl  protons;  however,  in  this 
case  t;he  chemical  shift  value  for  the  orT:ho  protons  is  not 
significantly  different  from  tihat  of  the  meta  and  para 
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Fig.  65.-?ro1:on.  magnetic  resonaxice  spectrum  of 
(C^H^)^Sb  0:102. 
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protons  and  therefore  no  splitting  occurs.   The  chemical 
shift  from  benzene  was  not  neas-ured, 

Tetraohenylstiboniun  tetraphenylborate 

0?etraphenyl3tiboniun  tetraphenylborate  was  prepared 
by  mixing  aqueous  solutions  of  tetraphenylbromostibane  and 
sodium  tetraphenylborate.   An  immediate  v;hite  precipitate 
resulted  which  vras  recrystallized  from  nitromethane  and 
found  to  melt  at  253-258°C,  (dec.)  [Lit.  (48)  m.p.  258-250=0. 
(dec.)].   No  yield  data  were  recorded  as  this  compound  vras 
prepared  for  an  infrared  and  proton  magnetic  resonance  study. 

The  infrared  spectrina  of  tetraphenylstibonium  tetra- 
phenylborate is  shown  in  Figui^e  66.   Pealis  seen  in  both 
starting  materials  are  observed  in  zhe   spectrum  of  the  salt 
with  only  minor  shifts  in  some  cases.   A  new  peak  resulting 
from  tetracoordinate  antimony  attached  to  one  or  more  phenyl 
groups  is  not  seen  as  io  is  in  the  case  of  tetracoordina.te 
phosphorus  attached  to  one  or  more  phenyl  groups. 

Elemental  analyses  v;ere  not  obtained. 

The  proton  magnetic  reson?jice  spectrum  of  tetra- 
phenylstibonium te'uraphenylborate  is  shovm  in  Figure  67« 
The  spectrum  was  taken  as  a  saturated  solution  in  dimethyl 
sulfoxide  v/ith  about  10  per  cent  by  volume  of  benzene  added. 
The  peak  labelled  A  is  assigned  to  the  phenyl  protons  of  the 
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tetraphenylstiboniuji  ion  and  the  peak  labelled  C  to  th.e 
tetraphenylborate  ion.   Peak  B  results  from  benzene  which 
was  used  as  an  internal  reference.   This  spectrun 
illustrates  the  fact  that  an  electron  v;ithdrawing  group, 
Sb  ,  causes  a  do'.vnfield  shift  from  the  benzene  signal  and 
an  electron  donating  group,  B",  ca.use3  an  upfield  shift 
from  benzene. 

Discussion 

To  prove  the  actual  existence  of  the  tetraphenyl- 
stibonium  cation  in  compounds  of  the  type  (C^Hr-)„3bX,  where 
X  is  Br,  OH,  or  OiTOo,  v/ould  require  a  much  more  extensive 
study  than  the  present  one  and  v/ould  eventually  include  a 
complete  single  crystal  x-ray  analysis  of  the  respective 
compounds.   The  present  study  involves  a  qualitative 
infrared  analysis  of  five  derivatives  of  which  only 
[(CgH^)^Sb]B(CgH-)^  certainly  contains  the  tetraphenyl- 
stibonium  cation.   The  infrared  spectra  of  the  five 
compoimds  are  presented  for  the  first  time  and  the  melting 
point  of  tetraphenylnitratostibane  is  also  reported. 
Proton  magnetic  resonance  data  are  presented  for  all  of  the 
compounds , 

The  solid  state  infrared  spectrum  of  tetraphenyl- 
hydroxostibane  shoves  all  the  characteristic  peaics  associated 
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vxith  tlie  phenyl  groups  plus  other  bands  at  5605  (weak) , 
3310  (medium  and  broad),  795  (medium)  and  523  (medium  to 
strong)  cm"-'-.   The  3605  cm"''-  band  results  from  the  free 
0-H  stretching  vibra-cion  and  the  3310  cm"  band  results 
from  the  internolecular  hydrogen  bonded  0-H  stretching 
vibration.   The  hydrogen  bonding  is  probably  of  a  polymeric 
nature.   The  intensity  of  the  3605  cm""^  band  is  greatly 
increased  v;ith  respect  to  the  3510  cm  '   band  when  the 
spectrum  is  recorded  as  a  dilute  chloroiorm  solution.   This 
shows  that  the  amount  of  hydrogen  bonding  is  reduced  in 
solution  thereby  giving  rise  to  a  stronger  free  O-H 
stretching  vibration. 

Attempts  to  prepare  (Cg^H^)^SbOD  produced  a  mi>cture 
of  the  -OH  and  -OD  derivatives.   E:camination  of  the  infra- 
red spectrum  of  this  mixti.u:'e  taken  as  a  dilute  solution  in 
carbon  tetrachloride  revealed  the  presence  of  the  free  O-H 
absorption  at  3320  cm"''-  and  the  free  0-D  absorption  at 
2680  cm"-^.   The  bands  at  795  and  528  cm""^  were  unaffected 
by  partial  deuteration  and  no  nev;  bands  vrere  seen.   There- 
fore, it  seems  likely  that  the  latter  tv/o  bands  are 
associated  with  vibrations  resulting  from  the  Sb-OH  group 
rather  than  v;ith  low  energy  deformation  modes  of  the  0-H 

group . 

When  tetraphenylhydroxostibane  is  heated  to  110°G. 
under  vacuum,  condensation  occurs  with  loss  of  water.   The 
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resulting  compound  is  oxybis-Ctetraphenylstibane) ,   The 
infrared  spectruo.  of  th.is  ajihydride  does  not  sho'.'/  any  of 
the  four  bands  mentioned  above  vjiiich  are  associated  with 
the  0-H  and  Sb-OH  stretching  vibrations,  but  does  shov;  a 
strong  absorp"cion  at  &55  cm  "  and  a  weak  band  at  330  cm 
The  655  cm"  band  is  ai:tributed  to  the  Sb-0-3b  asymmetrical 
stretching  vibration,  whereas  no  assigniaent  is  made  for  the 
530  cm   band  although  it  might  well  result  from  the  Sb-0-3b 
symmetrical  stretching  vibration.   It  should  be  pointed  out 
that  triphenylstibine  oxide,  v;hi.ch  is  thought  to  be  poly- 
meric with  long  chains  of  Sb-0  linlcages,  also  shows  a 
strong  absorption  in  this  same  region.   The  mere  presence 
of  this  absorption  is  indicative  of  a  partially  covalent 
Sb-0  bond.   There,  of  course,  would  be  no  absorption  if 
the  molecule  were  salt-like  containing  tetraphenylstibcnium 
cations  and  oxide  anions. 

The  infrared  spectrum  of  tetraphenylbromostibane 
shows  only  absorptions  which  can  be  attributed  to  the 
normal  vibrations  of  the  phenyl  gro ap.   The  3b-Br  stretching 
vibration  probably  occurs  in  the  2^0  cm""  region. 

The  infrared  spectrum  of  tetraphenylniuratostibane 
shov7S  all  bands  associated  v;ith  the  phenyl  groups  plus  bands 
which  resu]-t  from  the  covalent  nitrato  group.   The  v^  and  v^ 
peaks  occur  at  1^30  and  1291  cm"  ,  respectively,  and  repre- 
sent a  splitting  of  159  cm"  ,   This  splitting  is  greater 
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than  the  125  cm"-'"  splitting  used  as  the  upper  limit 
criterium  for  splitting  caused  hy  lattice  distortion  and  is 
therefore  assuiaed  to  result  frosi  coordination  between  the 
antimony  and  an  oxygen  atom  of  the  nitrato  group.   As 
mentioned  earlier,  the  characteristic  ^^   mode  of  the  co- 
valent  nitrato  group  is  not  seen,  but  is  suspected  of  being 
masked  by  the  phenyl  band  at  1018  cm"^.   The  other  absorp- 
tions, v^,  v^,  and  v.,  do  not  appear  to  be  present,  but  also 
might  be  overlapped  by  phenyl  absorptions  in  the  700  cm 

region. 

The  infrared  spectrum  of  the  only  true  stiboniiom  salt 
included  in  this  study,  tetraphen^/lstibonium  tetraphenyl- 
borate,  shov;s  bands  which  can  only  be  associated  with 
vibrations  characteristic  of  phenyl  groups.   Bands  seen  in 
both  starting  materials  are  present  ^^ith  onl.y  minor  shifts 
in  frequency  in  some  cases.   No  peak  is  present  which  might 
be  attributed  to  tetracoordinate  antimony  attached  to  one 
or  more  phenyl  groups  as  is  the  case  with  corresponding 
phosphorus  compounds. 

The  proton  magnetic  resonance  spectrum  of  tetra- 
phenylhydrozcostibane  shows  the  phenyl  signal  as  rwo  distinct 
sets  of  peal^s.   Accurate  area  ratios  could  not  be  determined, 
but  on  the  basis  of  the  information  gained  from  the  tri- 
phenylaiitimony  derivatives,  the  signal  furthest  dovmfield 
is  assigned  to  the  ortho  protons  of  the  phenyl  groups  and 


16^ 

the  upiield  signal  to  the  meta  and  para  protons.   The  ortho 
proton  signal  is  shifted  -23.7  cps  from  the  "benzene  signal 
while  the  meta  and  para  proton  signal  is  not  significantly 
moved  from  the  benzene  signaLl,   This  suggests  that  the 
Sb-OH  group  is  electron  v;ithdrav;ing  thereby  ca.using  the 
ortho  proton  signaJ.  to  be  shifted  downfield  from  the  meta 
and  pai-a  proton  signal.   This  is  quite  reasonable  since  the 
ortho  protons,  which  are  adjacent  to  the  electron  with- 
drawing group,  should  experience  greater  deshielding  than 
the  other  protons  on  the  phenyl  group. 

The  proton  magnetic  resonance  spectrum  of  tetra- 
phenylnitratostibane  shov;s  only  one  complex  peak  for  the 
phenyl  groups.   The  chemical  shift  values  for  the  ortho, 
meta  and  para  proton  signals  are  not  sufficiently  different 
and  as  a  result  only  one  complex  peak  is  seen.   Since  the 
spectrum  v^as  not  recorded  in  the  presence  of  benzene,  the 
exact  position  of  the  phenyl  signal  v/ith  respect  to  this 
reference  is  not  known. 

In  the  nitrato  compounds  considered  in  this  study, 
oxybis-(triphenylnitratostibane)  and  tetraphenylnitrato- 
stibane,  the  chemical  shift  values  for  the  ortho,  meta,  and 
para  proton  signals  have  been  similar,  whereas  the  ortho 
proton  signal,  in  the  chloro  and  bromo  derivatives  has  been 
shifted  dovmfield  from  both  the  benzene  signal  and  the  meta 
and  para  proton  signal.   A  dov.Tifield  shift  from  benzene,  or 
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as  the  case  may  be,  a  do'.^^field  shift  from  the  meta  and  para 
signal  indicates  that  the  ortho  protons  are  screened  less 
efficiently  than  the  others.   In  all  cases  involving  phenyl 
groups  directly  attached  to  antimony,  only  the  orrho  protons 
appear  to  be  significantly  effected  by  the  electron  Kith- 
drawing  character  of  antimony  and  it  is  therefore  assumed 
that  the  phenyl  signal  of  the  nitrato  compo^onds  must  be  in 
the  near  vicinity  of  the  benzene  signal.   In  other  vords, 
the  ortho  protons  in  the  nitrato  compounds  must  undergo 
screening  from  another  source,  and  it  must  nullify  the  de- 
screening  effect  of  the  antimony  atom.   The  two  free  oxygen 
atoms  of  the  nitrato  group  might  produce  such  an  effect  in 
a  manner  shown  below. 


Proton  magnetic  resonance  data  for  the  tetraphenyl  deriva- 
tives indicate  the  presence  of  equivaleni:  phenyl  groups 
which  is  suggestive  of  the  square  pyramidal,  structure  with 
the  phenyl  groups  at  the  base  and  the  X  substituent  at  the 
apex.   The  structures  of  the  tetraphenyl  derivatives  have 
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not  iDeen  deteraiined.   Since  the  proton  magnetic  resonance 
spectrum  of  tetraphenylnitratostibane  is  similar  to  "chat 
for  the  compound  shovm  above,  it  is  concluded  that  the  same 
type  of  interaction  betv^een  an  o:<ygen  atom  of  the  nitrato 
group  and  the  ortho  protons  of  the  phenyl  groups  must  take 
place. 

The  proton  magnetic  resonance  spectrum  of  tetra- 
phenylstibonium  tetraphenylborate  was  obtained  in  dimethyl 
sulfoxide  using  benzene  as  an  internal  reference.   This 
spectral  pattern  readily  demonstrates  zhe   effect  that 
electron  v;ithdrawing  and  electron  donating  groups  have  on 
the  proton  signals  of  a  phenyl  group.   The  signal  for  the 
tetraphenylstibonium  cation  (electron  withdrawing)  is 
shifted  -22  cps  from  the  benzene  signal,  vrhereas  the  signal 
for  the  tetraphenylb orate  anion  (electron  donating)  is 
shifted  approximately  +16  cps  from  the  benzene  signal .   The 
relative  shifts  cannot  be  compared  to  those  of  the  other 
comoounds  since  a  different  solvent  was  used. 


CHAPTER  V 
GENESAL  C02TGLUSI0NS 

This  work  has  definitely  established  the  generality 
of  the  chloramine-tertiary  stibine  reaction  and  has  sho-vvn 
that  the  reaction  is  analogous  to  that  between  chlorazaine 
and  tertisiry  araines,  phosphines,  end  arsines.   Prelininary 
results  obtained  from  amnonolysis  reactions  suggest  that 
polymeric  co^ipounds  might  be  obtained  from  reactions  of  this 
type.   The  antiuiony-nitrogen  coiapounds  produced  in  these 
studies  are  moisture  sensitive  to  varying  degrees  end  must 
be  handled  in  extremely  dry  atiaospheres.   No  structure 
determinations  were  performed,  but  infrared  analyses  indi- 
cate that  antimony  is  pentavalent  in  all  compounds  included 
in  this  study  except  tetraphenylstioonium  tetraphenylborate. 
Infrared  da-oa  are  summarized  in  each  chapter  and  proton 
magnetic  resonance  data  are  compiled  in  Table  7. 

Trialkylstibines  (CH;,-,  GpHc-,  n-C-Hr,-  and  n-O^Hg-) 
and  triphenylsoibine  react  v;ith  chloramine  to  produce  the 
corresponding  iminobis-(trialkylchloros fcib-anes)  and  iminobis- 
(triphenylchlorostibane)  in  good  yields.   The  reaction  is 
postulated  "CO  proceed  according  to  the  following  eqiiations: 
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R^Sb  +  1^2^^  -*  R3Sb(m2)01 

2R2Sb(NH2)Cl  -►  [R-,Sb(Cl)]2Nli  +  ITH, 

Since  all  available  data  from  the  literature  indicate  that 
compounds  of  the  type  R^SbCl^  ?.re  not  stiboniiim  salts,  it 
is  reasonable  to  assume  that  R-.Sb(}7H2)Cl  is  also  not  a 
stibonium  salt.   If  this  assumption  is  true,  little  or  no 
stability  would  be  gained  from  ionic  lattice  energy  and 
condensation  vrould  be  expected  to  readily  occur  to  produce 
the  more  stable  imino  compound. 

The  low-temperature  reaction  of  chloramine  with  tri- 
methylstibine  does  not  yield  aminotrimethylchlorcstibane 
as  expected,  but  instead,  yields  a  thermally  unstable 
species  with  an  Sb:N:Cl  ratio  identical  with  that  in 
iminobis-Ctrimethylchlorostibane) .   This  lovz-temperature 
species  must  in  some  way  be  involved  in  the  side  reaction 
that  occurs  in  the  case  of  trimethylstibine  in  v/hich  tri- 
methyldichlorostibane  is  produced  in  va.riable  yields.   This 
type  of  reaction  also  occurs  in  the  case  of  triphenylstibine. 
The  reaction  is  postulated  to  proceed  according  to  one  of 
the  following  equations: 

R^Sb(NH2)Cl  +  NH2GI  -  R3SbCl2  +  1/51^2  "*"  ^/5M^ 
or 

2R^Sb(iffi2)Gl  ->  R-,SbCl2  +  R7Sb  +  1/3^2  +  V3NH- 
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However,  it  is  quite  probable  that  other  thermally  iinstable 
intermediate  compounds  are  involved.   The  factors  that 
control  the  chlorination  reaction  are  not  knovm,  but  pre- 
liminary experiments  indicate  that  the  reaction  is  more 
dependent  upon  concentration  than  upon  mole  ratios  of 
starting  materials.   Furthermore,  there  is  a  strong  simi- 
larity between  this  chlorination  reaction  aoid  that  which 
occurs  between  tri-n-butylstibine  and  antimony(III)  chloride. 

The  lov:-temperature  ammonolysis  of  triphenyldi- 
chlorostibane  leads  to  antimony-nitrogen  compounds  ohat  are 
best  described  by  the  follov^ing  formula: 

(C^H^)^3b=lT-l— Sb(C,-H^)^— N==Sb(G^K.)x  xCl-zKCl 
"-  ^  1-x 

The  exact  nature  of  the  product  has  not  been  established, 

but  it  is  almost  certain  to  be  a  mixture  of  precursors  to 

triphenylstibine  imine.   The  significance  of  the  ammonolysis 

reaction  lies  in  the  fact  that  the  reaction  v/ill  probably 

provide  a  direct  route  to  ELntimony-nitrogen  polymers.   To 

be  more  specific,  the  ainmonolysis  of  compoimds  of  the  type 

RpSbX,  and  RSbX^  should  result  in  the  formation  of  polymers 

— Lt 


such  as  — iR^Sbl'T- 


-   and  highly  cross-linked  polymers. 

X 


It  has  been  shovm.  that  the  chloramination  and 
ammonolysis  products  readily  react  vrith  water  to  produce 
ammonia  and  antimony-o>:yg&n  compounds.   Since  the  normal 
method  used  for  the  ■oroducr^ion  of  chloramine  does  not 
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rigorously  exclude  moisture,  a  new  procedure  had  to  "be 
developed  that  required  the  use  of  ammonia- free  chloramine 
and  vacuum  line  technique.   Ammonia-free  chloramine  is  not 
essential,  but  the  anhydrous  copper  sulfate  used  for  re- 
moving ammonia  also  removes  water  quite  effectively.   The 
ethereal  ammonia-free  chloramine  is  then  transferred  into 
a  vacuum  line  without  exposure  to  moisture  and  distilled 
away  from  any  solid  impurities. 

The  hydrolysis  of  the  chloramination  products  is 
postulated  to  proceed  according  to  the  follov;ing  equation: 

[R^SbC  CI)  321^11  +  HpO  -*  [R^Sb(Gl)]2C  +  Wd^ 

The  anhydrides  obtained  from  the  above  reaction  are  more 
stable  than  the  imino  compounds  vdth  respect  to  thermal 
decomposition  and  as  a  result  are  much  more  easily  re- 
crystallized  from  common  organic  solvents. 

The  chlorine  atoms  v;ere  replaced  with  nitrato  groups 
in  a  variety  of  the  anhydrides  and  the  resulting  compounds 
were  studied  by  infrared  spectroscopy.   The  re^Jults  clearly 
show  that  the  Sb-O-NOp  linl-cage  is  partially  covalent.   Table 
5  lists  the  absorptions  which  result  from  the  nitrato  group. 
This  conclusion  is  postulated  to  also  hold  for  the  Sb-Cl 
linkage  in  the  anhydride  and  imino  compounds.   This  cannot 
be  proven  since  the  Sb-Gl  absorption  is  either  overlapped 
by  other  absorptions  in  the  500-250  cm"  region,  too  weak 
to  be  resolved  from  the  background,  or  out  of  range  of  the 
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instrument.   Far  infrared  and  Ranan  experiments  v/ould 
probably  provide  valuable  data. 

A  variety  oi  compounds  of  the  type  (C^Hc:)^SbX,  where 
X  is  -OH,  -ONO2,  -3r,  and  3(C^H^)^",  and  [(CgH._)^Sb]20  were 
also  studied  by  infrared  spectroscopy.   The  results  indicate 
that  the  Sb-X  bond  and  the  Sb-O-Sb  linkage  are  at  least 
partially  covalent  in  character.   The  only  true  stibonium 
salt  included  in  the  study,  tetraphenyl stibonium  tetra- 
phenylborate,  does  not  shovf  any  bands  which  might  be 
associated  with  tetracoordinate  antimony,  or  v;hich  v;ould 
be  analogous  to  the  8.9  li  band  for  phenyl phosphonium  salts. 

Infrared  data  for  individual  compounds  are  tabulated 
at  the  beginning  of  each  chapter  and  discussed  at  the  end 
of  the  given  chapter.   The  spectra  of  the  imino  compounds 
show  the  characteristj.c  ^H-H  stretching  vibration  in  the 
3225-31^0  cm"  ■  region  and  fail  to  show  any  ^M-H  def orma- 
tio2i  mode,  and  the  spectra  of  the  anhydrides  fa,il  to  shovr 
any  absorption  v/hich  can.  be  assigned  to  the  C-H  vibration. 
These  data  are  in  complete  agreement  v;ith  "che  proposed 
structures.   All  the  inino  and  anhydride  compounds  shov;  a 
strong  absorption  in  the  792-75^-  cm"  region.   This  region 
is  assigned  to  the  Sb-I^TH-Sb  and  Sb-O-Sb  vibration. 
Frequencies  for  the  Sb-ITH-Sb  and  Sb-O-Sb  absorptions  for 
a  variety  of  compounds  are  compiled  in  Table  6.   The  So-O 
vibration  occurs  in  the  655  cm"  region  for  triphenylstibine 
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TABL3  6 
Sb-O-Sb   AlTD  Sb-IIF-Sb   Iii?RAHED   FREQUENCIES   (Cm"-'-) 


Comisound  Frequency 


a 


[(CH^)-.Sb(Cl)]^IIK  7^1 

[(CH^)^Sb(Cl)]20  775  ^ 

[(  CH^ )  ^Sb(  01102 )]2«  788   ^ 

[(CH^)^Sb(C10^)]20  775-^^ 

[(C  H^CH2):,Sb(Cl)]20  766 

[(C2H.)3Sb(Cl)]2lTH  751 

[(C2E.)5Sb(Cl)]20  768 

[CC2Hn)^Sb(  01102)320  792 

[(n-G^H^)5Sb(Cl)]2l^TH  752 

[(n-C^H^).Sb(Cl)]20  75^  or  75^ 

[(n-C^Hg)^Sb(Gl)]2l^^  768   or  736 

[(n-C^Hg)jSb(Cl)j20  7^5 

[(C^H^).Sb(Cl)j2^^TH  768 

[(C^H^)^Sb(Cl)]20  768   (762,769^^"^) 

[(C.E-)^Sb(0N02)]20  7^0^(736/0^^^') 

[(C°H-)^Sb(3r)]20'  772,    76^^"* 


[(CgH^)^Sb(ClC^)]20  751, 

[(CgH^)3Sb-0-Sb(CgIi5)3]S0^  7^0,   br 

[(CgH^)2Sb(Cl)2J20  "^  783" 


1^ 

DP 

a 


a 


Priva-fce   coonunica-uion.  v;ith  L.    Koldits   (12), 

h  —1 

Overlapped  by  phenyl  absorption  in  7^0  cm   region. 


17^ 

oxide  and  the  paLPtially  hydrated  species.  The  Sb-O-Sb 
vibration  for  [(CgHc-)^Sb]pO  also  occurs  in  the  655  cm" 
region. 

All  the  alkyl  imino  and  anhydride  compounds  exhibit 
an  Sb-C  asymmetrical  stretching  vibration  in  the  591-500  cm"" 
region  and  the  phenyl  analogues  exhibit  this  vibration  around 
the  ^50  cm   region.   Also,  an  absorption  was  found  at 
53^  cm"-"-  and  belov;  for  [R^^SbCX)  ]2J:^'H  and  [R^SbCX)]20,  where 
R  is  methyl  or  ethyl  and  X  is  a  chloro  or  nitrato  group, 
which  may  result  from  the  Sb-C  symmetrical  stretching 
vibration.   The  bands  at  860  and  510  cm"  are  tentatively 
assigned  to  the  Sb-N-3b  vibration. 

Proton  magnetic  resonance  data  are  compiled  in  Table 
7.   In  most  cases  the  data  are  entirely  consistent  with 
that  to  be  expected  for  the  particular  compound  in  question. 
In  other  words,  the  spectra  of  the  imino  and  anhydride 
species  show  only  one  kind  of  alkyl  or  phenyl  group.   The 
spectra  for  the  tetraphenyl  species  show  only  equivalent 
phenyl  groups  as  does  the  spectrum  of  pentaphenylstibane. 

Figure  68  shows  the  results  of  a  study  in  which  the 
proton  absorptions  from  the  phenyl  group  attached  to  anti- 
mony are  compared  to  the  proton  signal  from  benzene  (52). 
A  dovmfield  shift  from  the  benzene  signal  is  designated  as 
a  negative  shift  and  an  upfield  shift  is  designated  as  a 
positive  shift.   A  negative  shift  from  the  benzene  signal 
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Fig.  68. -Comparison  of  phenyl  proton  signals  from  various 
antimony  compounds  v;ith.  that  fron  bensene. 
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is  associated  v;ith.  proton  descreening  said  is  indicative  of 
an  electron  withdrawing  group  attached  to  the  phenyl  ring, 
whereas  a  positive  shift  is  associated  with  proton  screen- 
ing and  is  indicative  of  an  electron  donating  group  attached 
to  the  phenyl  ring.   This  experiment  readily  shows  that  an 
antimony  atom  functions  as  an  electron  v/ithdraxying  group 
when  it  is  also  bonded  to  one  or  more  electronegative  atoms, 
such  as  oxygen,  chlorine  or  bromine.   Since  the  para  proton 
signal  does  not  appear  to  be  shifted  with  respect  to  the 
benzene  signal  in  the  compoimds  included  in  this  study ^  it 
is  probable  that  the  descreening  of  the  ortho  protoxis  arises 
from  a  magnetic  anisotropic  effect  rather  than  a  resonance 
effect,  v;hich  would  certainly  extend  to  the  para  position. 

The  fact  that  there  is  no  apparent  shift  of  the 
ortho  proton  signal  from  that  of  the  met a.  and  para  proton 
signal  when  a  nitrate  group  is  bonded  to  antimony  is  not 
understood. 
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